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PREFATORY NOTE 


Tlris is the third of a special scries of reports \\9hich are being 
published in order to make available, for benefit of tlie inJ(Mri?s 
concern«l, results. of scmiitiftc’ and Industrial value contained in the 
technical records -(.vf De4)artment of Explosives Supply erf the 
Minijilry of Munititms. T]\c work recorded in these Reports was doiTe 
at, or in connexion with, some of the Naticfnal Factories during the 
war. The preparation of the necessary abstracts of information was 

begun by tl^p Ministry uf Munitions at the ('lose of the war, and 

§ 

arrangements were afterwards made by the Department of Scientific 
and Industrial Resear('li to complete* them. The Department wish 
it to be* clearly understood that the interesting information contained 
in this series of reports is the result of the labours of the Ministry of 
Munitions, and is beirfg compiled by Mr. W. Macnab, C.B.E., F.I.C., 
an olTiccr of that Ministry now atlacliecl to the Dejiartjnent. Tlie 
first two reports in tlic series, “Rec'overv of Sulpliiirii- and Nitric 
Acids from Acids used in tlie Manufacture, of Explosives : Denitration 
and Absorption ” and “Manufacture of Trinitrotoluene (TNT),” have 
already been pul)lisliM for the Department by His Majesty’s 
Stationery Office. 
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SUL'PHUI^C acid COl/cENTRATION. 


In the Kessler system/ the liot guises are first passed over the 
sifrface of a -sliallow layer of acid contained in /a pan called the 
satureK, constructed of volvic stone. Over this pan a short 4-plafte 
tower stands, f-'orniected by a wide pipe to a scrubber. The weak 
acid is fed continuously on to the top plate and flows from plate to 
piat^meetiug thr hot gases, which are caused to I'hibble through the 
layer of acid on cAch phute by /;allots, and so into the “saturex,” 
and thence, in concentrated form,'^to lhe'coolt;i‘. 

The Gaillard plant consists essentially pf a 'arge hollow tower 
built of volvic stone or acjd-resisting 'tiles, 'dilute acid is sprayed 
in at the top ,find meets hot ^ases from a furnace, which enter at 
the bottom and j)ass away at the top, carrying most of the water 
containeci in the acid as well as some of the acid in the form of 
mist, which is caught in the coke scrubber. 

The Ciilchrist plant is a combination of a shallow covered-in 
pan connecl('d witli a high tower packed \vi1h broken quartz and 
jxrttery rings. The dilute acid is fed in at the lop of the tower 
and percolates through the ])acking, meeting the hot gases which 
enter the lar end of the shallow pan, and whic.h pass over the surface 
ol the acid, and then up t'. e tower and ultimately to the scrubber 
filled with ([uart/. 'I'he concentrated acid flows out from the end of 
the pan at which the furnace gases enter. 

.Spent snlj)h uric acid contains considerable quantities of sul- 
phates of iron and lead in solution and suspension, resulting from 
contact w'itk the phmt in which it has been used, and these sulphates 
are deposited as the acid is heated and concentrated, and form a 
sludge, which has to be removed ])eriodically from the concen- 
tration plant. The ease and rapidity with which the sludge can be 
removed is of importance in considering the design of the various 
concentration plants. 

given the c'onstruction and operation of the 
Gaillard towers, together with a heat balance for this plant and the 
gas producers used in connection with it. 'I'he wcjrking out of such 
a heat balance necessitates a close study of the mechanism of sulphuric- 
acid concentration, and affords an excellent example of physico- 
chemical knowledge as applied to plant operations. The Gilc'hrist 
jilant is treated somewhat in the s;inie manner, though not so fully, 
as the ('xperience gained wth this type of concentration Unit is of 
a far more limited nature. 
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4 SUUPBURIC ACID CONCENTRATION. 

' r- 

and is elevated to the recujwrator acid tanks and again passed through 
the system. The mist precipitated eiectriQally in ther Cottrell precipi- 
tator is also elevated and reintroduced into the Gaillard feed system. 

i 

Gas CiKulsbon. — Producer gas of moderately low calorific value is 
supplied from the gas producing plant and burnt with excess of air in 
the combustion c'nj^mber immediately in front of each tower. It is 
supplied to the furnace through* two or tfirfe, 8-inch diameter gas 
valves. * ’ 

The resulting liigh temperature burnt gas is drawn by a high 
pressure Kestner fan through *thc^ain tower, mee^s the descending spray 
of weak acid awd carries away with it the steam evaporated from the 
minute diojjlets and alsu a small amount of sulphuric acid. 

The gas leaves the top of the main tower at a temperature near 
200° C. through a 24-inch earthenware or silicon-iron pipe to the base or 
the top of the recuperator, according to the urfit design. Here it meets 
a further spray of acid and a heat exchange takes place. The gas, 
cooled to a temjjeraturc' of 140° C. approximately, then passes to the 
base of a large coke scrubber, ascends through this, being in part 
deprived of its mist, and pa'^ses out of the top of the scrubber to a high 
pressure Kestner fan, which torces the gas through a lead conduit to the 
Cottrell prec ipitator, where it is deprived practic;ally of all its acid, and 
then through the precipitator stack to atmosphere — the gas after leaving 
the fan being in addition drawn to the precipitating plant by the 
suction resujting from an ejector fan at the base of' the Cottrell stack. 

Description oe the Plant. 

Furnace and Combustion Chamber. — I* ig. 3 shows the general arrange- 
ment. The producer gas is transmitted from the gas producing plant 
through a brick-lined culvert (3 feet wide by 4 feet high) and supplied 
to eacli combustion chamber through 8-inch mushroom valves. The 
combustion chamber is 3 feet 6 inches by 6 feet by 4 feet, and the w’hole 
is completely encased in steel which is covered with a thick asbestos 
lagging to reduce radiation losses to a minimum. 

The two outer gas valves supply gas to the rear of the furnace at 
the base of the combustion chamber and to the centre. The third 
central valve delivers to the front in the centre of vlie front section of* 
the furnace immediately at the base of the biidge will. 

The primary air is deflected ahd delivered through a brick chequer 
into the front of the furnace. In some cases a portion is deflected to 
the rear of .the furnace. In all caijes gas and air channels'are distinct, 
no' mixing of gas and air takes place in these channels. The secondary 
air is delivered through an additional port on either side to the top of 
the furnace. 

Combustion of the gas takes place in the furnace ^nd vertical 
Qombtistionj c-hifmber, £«id the »gase^ are led‘ to the base, of the main 
tower through a circular bHck fltie'^ of 9-inch walls, and of gy inslies 
intepal diameter. . ’ ' * 
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GAILLARD CONCENTRATION PLANT. 5 

• • . ■ 

In this type furnace, with gas pr&sure of i to i inch water 

gauge, and using tlie three valves : — 

(а) a temperature of 1,000° — 1,100° C. is eas^ily maintained. 

(б) excessive heating of the frontal arch is avoided. 

• (c) ty separating the gas and the air channels all, local heating at 

the potnL of mixlurc in the channel is avoided and conse- 
quently no mieltii^g of tli^* brickwork can occur. 

Careful arfklysis^f tlie burnt gases shows no unburnt CO entering 

the main tower. * 

% 

nrfftin Tower. — riiis consists of a hollow shaft. At Ciietna the 
towers are built of volvic stone, but at Queen’s herry of acid-proof 
bricks with joggle joints, in rings each 3 inches thick, with special 
bonder courses inserted where the number of rings is reduced. The 
total height of* the tower ^rom the base to the springing of the dome 
top is 47 feet 6 in('hes, and the internal diameter of the lower 13 feet 
6 inches is 8 feet 6 inches, the internal diameter of the remainder 
being 9 feet. 

Thedower portion of the tower is biiillTup of six rings ol blocks 
each 3 inches thick. At the height of 13 feet 6 iiu'hes the inner course 
is stopped off and bonded to the adjacent course and the tower is then 
c-arried up a further 10 £eet in five rings of blocks, each 3 inches thick, 
the inside diameter .being 9 feet. A further ii leet 8 inches of the 
tower is built up of four rings each 3 iiK'hes thick, the out%r ('ourse of 
the section below being stopped and finished off by a bonding course. 
The remainder of the tower to the springing of the dome is built of 
three rings, each ] inc hes thick. 

Tlie toj) of the tower is a dome struck to a radius of 7 feet 5 incmes 
in its inner surfme, and is built up of acidqnoof blocks springing 
from a springing c'ourse bound together l^y a 6 inc h X inch mild 

steel strap. r 1 

The bkn’ks of the tower are bound togetlier by circumferential 

hoops of mild steel spaced about jo inches apart. Iliese hoops are 
each in three sections and are < overcd with lead to resist corrosion. 
Generally it is found advantageous to co\ er tlie towers completely 

with sheet lead. . , „ , i i • r . 

’ The tower is fortiied with a sloping floor, Die slope being 4^ leet, 
this lloor discharging, the acid into the mud box» An opening in the 
wall of the tower, just above tlie tc^j of the mud box, i5vmches by 
2 feet 2 inches wide, is left so that the sludge collecting on the s oping 
floor mav be Kiked into tlie box when necessary. 3 'he tower and mud 
box stand in a dish of 30 l^nd^on a heavy contrete foundajion. 

The tower dome is provided centrally, and, in some cases, peri- 
pherally with a 24-inch diameter gas outlet and 5-9 spray blocks 
for the reception of th« atomisers which fee^ into Ijie main tower.^ 

^^*^The atorilisers* or spray plugsVre’ classihed according • to the 
diamfeter-voi the orifice in tenths of rnillimeters. The most common 
sizes are “io’s’” and “6o’s,” corresponding to orific^ or 5 millimeiers 



6.. SULPHURIC ACID CONCENTRATION. 

and 6 millimeters respectively. Tlie*feed capacity^ of a “6o” spray 
at a spraying pressure of 40 lb. is* i (oft of acid per hour. 

Tower Offtake. 

The tower wlltake is formed of silicon-iron* pipes 24 inches ‘in 
diameter, and conrfects the^ top 0/ the main tower with the top of the 
recuperator tower or recuperator box. h is icfvisable that t^ie offtake 
should always liave a slojie so that tlie acid which fondenscs in it 
may*gravitatc to tlie vc-rtic^al section and iTof linger in thf joints. 

• Recuperator Tower. The rec^uperator consists of a column 30 feet 
S inches lii|,di and of 5 feet ('xternai diametei', built up of acid-proof 
blocks, tliC! low'er 14 feet 4 inches consisting of two rings and the 
remainder of one ring, the lower part having an internal diameter of 
4 feet and tlie upper ])art of 4 feet 5^ inches. 

These rings are built up on a base p’jate of acicl-proof blocks 
standing in a leaden dish. The bottom course of the rings is formed 
with outlets for the passage of acid, the overllow level being 2I incfies 
above the inside of the Uittom of the tower. The whole recuperator 
is ciovered externally wini cj-lb. sheet lead held on by m’lld steel 
stra[)s. 

In the later concurrent recuperators the top is domed with 
special acid-jnoof bricks with a central opening 24 inches in diameter, 
formed of ring bricks. Six spray blocks are symmetrically arranged 
for the insertion of six atomisers. (I'ig. 4.) 

Rccnpenitor Conned ions. 

2 pinch diameter opening is constructed from the base of the 
m'uperator on the scrubber side, the strengtji of the structure being 
insured by, the installation of special ring blocks in the wall of the 
recup('r<ator. from this delivers a 24-inch lead-covered pottery pipe 
and right-anglpd bend fitting into the fan-tail to the scrubber. 

The base of the fan-tail inlet is covered with 1-inch acid-proof 
tiles to prevent corrosion of the lead by hot acid. 

Scrabber.-The scrubber (Fig. 5) consists of a lead-lined chamber, 
jo feet by 16 feet by ii feet depp, packed with coke of varying size; 
the gas entering at one end of the bottom and leaving at the loji. 

The bottom of tlie scrubber is covered with acid-proof brick laid 
dry ('tr ill*silicale of soda, and bn this i^ laid the brick checiuer work 
forming ducts through which the gas is distributed up through the 
coke. • 

As tlie coke is filled in tlie sides of the scrubber are lined ‘with 
acid-proof tiles inches thick, this lining being also laid dry and 
prried^to a height of t) feet. Spaces at the bottom 2 feet 5 inches wide 
jn the chequer pee filled *ip with large pieces ol^coke carefullv laid so as 
jiot to disturb tim arraiigeiiieyt*<J/the brii'kwork, and (jn tins is then 
laid ovei- the wiiole <if tlfe bricRtfork a layer of Ip-inch coke rvJjout 
8 inches thick, and above tliii a laver of coke about 4 iitcftes thick, 
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GAILLARD COfccENTRATiqi^ PLAjT. .y 

varying frt)m 2 to i? inch in size.* The renu^der of the scrubber is filled 
to within 15 incnes of the top witli screened coke, varying uniformly 
frcfm li inch at the bottom to g inch at the tqp. 

The outlet from the scrublier is at the end rciinjte from the 
recuperator and consists of an i8-incli lead pipe (12-lb.) descending in 
tvvo bends to the Kestner fan iinmediately below tlie scrubber. 

Pta. The fan is ^i^Iiigli-pressnre Keslher fan supplied by Messrs. 
Kes trier yf Lon d()n. Iwo si>^es are histalled - (u) i()-iiu‘Ji ; (6) 21 -inch 
(two designs). Thtf fan Js constructed of lead and regulus metal 
studded tp a metal framcwolk centmlly .pien'ed to accoinniodate a 
regulus steel or pliosjihor-bnmze bladed’ impeller. In ike i()-inch fan 
the shaft runs in bron/c bt'arings oil lubricated. In the original 
design of th'e 21-incli fan, the bearings are supplied water-jacketed 
for cooling, whilst in the latter type of 21 -inch fan tlic oil bath is 
cooled by water cin ulating through a copper coil immersed in it. 

The exhaust from ifie fan delivers through an iS-inch circular 
pijie to one of the two rectangular diii'ts leading to the Cottrell 
prec'ipitator. 

All fans are belt driven, the motors beiii^' of Westinghouse design, 
and totfilly enclosed. ^ 

1 lie sjieeds of the inipcdlers are adjusted by allc'ratinns of the size 
of the driving jiulley on tlu' motor. 

Mud Box.- — 1 he mucl box (onsists ol a cylindrical box .:| feet () inches 
by 4 feel f) inches d('ep, into which the acid from the Ciaillard lower 
runs. It is built up of <u'id-])roof bricks enclosed within a' leaden box 
of .^o-lb. sheet lead. A('id is drawn off through a j|-inch diameter 
outlet situated about ] leet above the bottom of tlie box, and sludge is 
drawn olf through a 4-inch coniK'ction at the bottom controlled by a 
regulus plug and blank llange. 

Acid delivers from Ike mud box through a special sleeve section to 
which is attached a 2'2-inch bore silicon-Tron pipe which* dips below 
the surface of the ac'id in the cooler. Designs of both sleeve section 
and silicon-iron pipe are shown in Fig. 6. 

Coolera.— 'Fhe new cooler is j feet (> indies internal diameter and 
4 feet (S inches deep, with a steel jacket feet J inch in diameter, and 
3 feet b inches deep, in addition to whic h three lead cooling coils are 
provided, whicJi afe 21 inches, 29 fnehe^, and 30 inches diameter 
respectively, aifd of i-inch lead piping. ^ 

At the top of the cooIc't an addRiunal 2-iiicli ap(‘rtur*e is arranged 
with a lead pipe delivering to the funnel pipe leading to tlie storage 
tanks. In t!*e case of the bottom outlet be('oming#bIo(:ked, iliis allows 
the acid to overflow direct to stOFgLge, thus avoiding overilow into the 
water jawket with risk of damage to the steel annulus. 

The total cooling surface exposed to the water is: — 

(а) Coils - • - - - - ib8 scjH^are feet,' 

(б) Water jacket* - - *3^ „ 

♦The ^amount of water delivered by CcTch cooler (coils and jacket) 
under tlte present arrangement is appcox^ately 7 tons^ per houFj^ 
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Storage Tanks for Oon^trated Acid. — The acitl from the coolers 
discharges into a lead launder supported on the sfbrage tanks. The 
latter consist of lea^-liiied vats, 20 feet by 12 feet by 3 feet, supplied 
with 2-inch Outlet pipes connected by gland cocks with a 3-inch mild 
steel main leading to two loinch Rees Roturbo pumps in each house 
which deliver ak^ng 3-inch mains to the storage Hank. 

Supply Tanks, ]^ipe-Lin^ Eggs,* &c. — The f^ejl acid storage at the 
denitration plant comprises a battery df 28 tanks, each measuring 
20 feet by 12 feet by 7 feet b inches, and lipfd with 12-lb. lead. The 
weak acid gravitates to tlia horizontal dggs first through a t*inch lead 
main to the two houses, this line dividing into two 4-in(:li mains at 
either end of the denitrat/^d acid storage house. 'These mains deliver in 
botli houses to a set of eight horizontal blow-casks by 3-inch branch 
lines. 

Horizontal Acid-Egg^i^. 1 

These eggs are built in three sections, the two end sections being 
identically alike, ca('h being splierically ended with a 14-inch diameter 
manhole ('losed by a cast-iron cover. The egg is 4 feet 2 inches 
diameter inside, and ^SVeet 6 inches long, the middle sectipn being 
5 feet long und the thic'kness of the metal in the body 2 \ inches. The 
wliole is lead-lined inside and all joints are made with lead. Each egg 
is supjdied witli a 2-in('h Cortin jiillar valve aj the outlet, and at the 
discharge with a 2-inch Cortin horizontal straight through valve. 

The rising mains from two eggs branch and join into one i|-inch 
main leading to tlie top of tlie main tower, a i-inch branch leading 
from the spray platform to two recuperators. At the tower top a 
central 2-iiich valve controls the acid supply and from this branch 
five to nine i-incli pipes fitted with i-inch regulus valves for the 
individual atomisers. 

lilach house is provided with two lead-lined recuperator tanks, 
15 feet by lo feet by 4 feet. These are connected with the horizontal 
eggs by an extension of the 4-inch main from the denitrated acid 
storage. 

The scrubber launders deliver, in each house, to two lead-lined 
storage tanks measuring 15 feet by 7 feet by 4 feet, and from these 
acid is elevated to the recuperator acid storage. 

Acid from the Cottrell precipitators is delivered into two lead-lined 
storage tanks set in a pit*! From here the acid is elevated through 
2-inch leadViains by* a i^-inch .silicon-ir/Dn pum^p to the recuperator 
acid Mclfage. These tanks also receive tlie acid which flows from the 
luted pipef from tlv^ base of the Kestner fans. 

General Principles and Routine working of a Gaillarh Tower. 

The principle of concentration in the Gaillard tower obviously 
^depenas on th^*evapora,ting power of large qViantities of moderately 
Jieated g^’ses, VYherehy *the fehipei-ature attained by^\he evapora- 
ting liquid is considerably beloW the boiling poiiit of the sulphuric 
acid. In this respect it ^differs fundamentally fropi thtf» cascade 
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process in wliic^j tlie final eva|)orati()n •practically occurs at the 
boiling point of the liquid. * The economy in heat requirements is 
rendered manifest from the fact that in the GaiHard process the hot 
gases come directly into contact with the evaporating liquid in the 
form of ‘spray. 

A short descripfion of the circulation of acid and* gas through the 
plant has already been^jven, and an -outline will now be given of the 
normal riinniry^ conditions afid procedure adopted. 

Furnace. — The fifl*nace®is directly controlled by a chart which gives 
a continuous record of the furnace tempei^ture at the neck near the 
tower* base. The pyrometers installed are of the Pt/Pt-Rh thermo* 
couple type connected with 24-hour quadruple thread recorders. 

Given a constant strength of acid to the main tower, it may be safely 
said that the main factor in preserving a product of uniform strength 
from the base «)f the towef is the control and regulation of the furnace 
temperature. The most suitable temperature for a good i)roduction 
figure per unit is 1,000° to 1,100° C. at tlie tower inlet. 

Main Tower. — The exact course of events in the main tower is not 
directly known. Muc'h information of grea'fwalue would be obtained 
if a series of both temiieratun'. and acid concentration gradients could 
be taken at various heights in the tower. An analysis of these should 
show precisely the elTeciive region of concentration and point to the 
ideal method of ruqning. 

In normal working, with a feed acid of 65 to 70 j)er ce^it. strength 
and concentrating to a 92 to 94 |)er cent, j^roduct, the heat exchange is 
such that the gases leave the main tower at temperatures varying from 
200° to 220° C. The (‘xact temperalnre at which the gases leave the 
main tower is de|)endent largely on the efficiency or fineness of the 
atomisation from the feed atomisers and to a less extent on the 
concentration range reqifired. 

Variation o! the Pinal Concentration.— In any particular unit the 
concentration is varied by : — 

(a) \'"arying the number of atomisers. 

(b) Varying the size of the atomisers. 

The furnace temperature is generally kept as constant as possible 
whatever the concentration required. ^ For instance, if it is desired to 
increase the concentl-ation, say, from 92* to gj. per cent , this is generally 
effected by ’preserving the same number of atonn’siers, but decreasing 
their size. The tower outlet •tt'mperaftire remains practi call steady by 
reason of the finer alomfeatioii, thus yielding an increased surface for 
a given volume of acid. In some cases it is necejfcary to decrease the 
number of atomisers, with a consequent slight rise in the tower putlet 
temperature. 

Recuperator. — The gases from the main lower, including stemn and 
small quantities of sulfuric ac id, pass without much, loss of Iieat to^ 
the recuperafgr, entering this tower af 4 temjDeBature^f 20oJ to 
In tlje later reconstructed units ihi flow of •acid and gas is concurrent. 
ThegaseS ieave the •recuperator at tempejatures varying from 135® to 
155® C., according to the volume of gas 431 volume of 4cid sprayed d(?wn 
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the recuperator. The heal exc'haiige is such that acid is heated from 
4’o® 10,50° C; to a temperature of 'approximately 125° C. there is a 
slight concentration ' occurring in the recuperator amounting to to 
2 per cent. By repeated circulation of the same acid within the 
recuperators, the clilference in concentration between this ac'id and the 
denitrated arid may amount to 3 or 4 per cent, i his concentration is 
in the main ellecied by condensation of sulpliuric acid leaving the 
main tower. 

The gases leaving tiui rec'iijierator pass directly to il)e base ot the 
scTubber and are led through the line i^oke packing. Scrubber acid 
c.ondenses on the pores of the coke and gravitates to the base, running 
into a launder delivering to the storage tanks. The temperature of the 
acid varies from 100^ to 130^^0., and the temperature of the gases leavirig 
the scrubbers from <^5°to i nf C. Considerable additional (-ooling is in 
some units efleded by llocHling the scrubber top and allowing the warm 
water to overilow iiito tiie drain. In Biis way the temperature of the 
gases entering the fan is reduced. 

Fans. "The lemi)eralure of the gases entering the fan is ])ractically 
identical willi the scTul/oer outlet temperature and the strength of 
the acid condensed by baffling in the fan is a function of the 
temperature of the gases. 

The gases from tlie fan pass along tluj Cottrell precipitator 
conduits and enter the precipitati(m chambers at a temperature 
85° to qo° C., according to the air temperature. The gases leave the 
chambers at approximately 75° C. The sirength of the precipitated 
acid ^om the Cottrell precipitator varies from 50 j)ercent. to 53 per 
cent, of H,S04. 

Tlie dependence of the acidity of precipitated acid upon the 
temperature, whether precipitated mechanically by baffling or electri- 
cally in the Cottrell plant, is shown in the following table 


Temperature of 


Strength of fan drip 

gases. 


acid. 

°C. 


Per cent. HjSO,. 

90 - - - - 

- 

- ■ 55 ’o 

98 - - ■ - 

- 

- b ^'9 

102 - - - - 

- 

■ 59 'o 

, no - - - - 

- 

- 59'6 

Acifi Ciicolation. — The various 

amounts 

of acid delivered 

recuperators and sc'ubbers per diem arc as 

follows : — 

(2) Recuperator acid - 

60 tons per tower per diem. 

(3) Scrubber acid 

3 .. 


(4) Cottrell precipitator acid 

n 

»» jj 


Of the six storf\ge tanks for strong acid, one in eac'h house is set aside 
Tor taking wqak acid delivered from the towers when these are 
started up. These two tanks are connected with the feed lines to 
the horizontal eggs, and the acid can therefore return Tctf further 
concentration. 
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Startiii# up a Unit.—In starting up a unit which has been closed 
down for a consi^derable tithe, nbrmal working is not generally 
attciined until after a period of six to eight hours. • Working should be 
guided entirely by the main tower offtake temperature, 'fhe first 
runnfngSi from the cooler are obviously dependent on the strength of 
the acid originally present in it and in the sludge bdx. 

During normal running, low concentration and a high tower 
outlet tenjperature comWned, indicate poor atomisation; low concen- 
tration with normal /emp^rafures generally indicate leakage of water 
from the cc^ils of the cooler. Tins latter ergor can be easily proved by 
testing the acid issuing directly from the* tower base at the sludge box * 
cover. The leaking coils themselves can be ^dependently tested by 
shutting off the water pressure from the defective coil for half minute 
or so, then opening the water valve, collecting the water from the coil 
exit, and testing with litmus. This method has always been found 
reliable even filr the smallest ijinhole leaks. 

^ Shuitmg down a Unit. — When it is necessary temporarily to shut 
down a unit in order to effect minor repairs, all fires are cut off from 
the furnace and all air [)orts tightly closed. Jjfrays are removed from 
the main* tower, and the fan is kept running to maintain a clear 
atmosf)here at the dome. Ideally under this system little or no heat 
should be transferred from the furnac'e to the main tower. Experience 
has shown that this method does no harm to any portion of the 

plant. No excess temperatures occur through the system, for the 

major portion of the draught through the unit is the cold air drawn 
in at the spray holes of the main tower and recuperator. This method 
has certain distinct advantages over the original method of shutting 
off the fan. These advantages appear to be: — 

(1) Clear atmosphere on the spray platforms. 

(2) No positive pres?iure on the tower dome. TJie effect of 

pressure on the tower dome is to lead to sweatihg of acid 
through the brickwork and so decreasing its life. 

(3) If the impeller of the fan is kept at a more or less uniform 

temperature there is less likelihood of regulus metal 

becoming detached from the phosphor-bronze blades, since, 
when the fan is shut off, its temperature rapidly falls. 

•Thei^mal Efficie.nxy of the G.ull.vrd Unit.^ 

• • • • 

Given a constant heat supply per ton of coal from the gas -pro- 
ducing plant, then, for any one fixed concentration^range, the thermal 
efficiency of rf Gaillard unit will obviously depend primarily* upon the 
useful work performed in the mainp tower. In working two* sources 
of loss of 'heat in the main tower may appear, other than radiation 
losses : — • 

(i) Loss .due to decomposition gf at high initial ^as 

temperature. , . 

(fi) Lgss due to-removal of burnt gases and steam at 200® to 220® C. 
• from -the 6xit of the main tbwar. 


0 lUi5 
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The functions of the recuperator: are primafily (a) th€ cooling of 
•exit jgases and recovery of their sefisible*heat, and (o) the condensation 
and recovery of mqst of the sulphuric acid passing out of the lAain 
tower. • 

In its passage down the recuperator, the weak feed acid* is raised 
to a temperatuTre^ of 120° to 130° C., and in addition becomes slightly 
concentrated due* to the condensation of sulpljuric acid mist from the 
main tower. The sensible heat bf the gases, recovered^fromrthe major 
part as sensible heat in the recuperator acid, is lost again through the 
recuperator coolers, for, isn an ideally" run plant, this acid is cooled 
* again to a temperature of 50® C., the temperature of the incoming 
recuperator feed acid being approximately 20® C. Some H2SO4 may be 
decomposed by the heat, but the larger part of the acid is recovered 
in the recuperator where it condenses. Some, however, passes on to 
the scrubber and Cottrell precipitator, where it is recovered as weak 
sulphuric acid. • 

It follows then that the thermal efficiency of a Gaillard tower also 
depends upon the CCX content of the burnt gases fed to the main 
tower. \ 

t 

This can be looked at from two aspects. In normal working the 
tower outlet temperature remains steady in the neighbourhood of 
200® to 220® C. The more air admitted to the main tower in excess of 
the requirements for the complete combustion of a given weight of 
produc('r #gas, the more waste heat passes out at the top of the 
tower. 

Thc(^retically, then, the less air admitted in excess of requirements, 
the lower the fuel consumption, for it is to be noted that during normal 
working the outlet temperature of the recuperator is kept constant, and 
it follows tlierefore that in working to a high CO^ content of burnt 
gases the weight of gases Vaving the recuperator at C. is much less 
than the weight of gases leaving the recuperator at C. when the CO^ 
content of the gas is kept very low. On the other hand, with very 
high temi)eratures corresponding to high CO2 content of gases, the 
useful work performed in the main tower may decrease, due to increased 
dissociation of the sulphuric acid at the base of the tower. Too 
high a temperature in the • furnace is therefore detrimental to 
concentration. 

Quel’s Ferry practice is ‘such that as high a temperature as 
possible is maintained without unduly increasing the dissociation at 
the base of the main tower. 

For ’consistent working a teir/perature of 1,000® C. is satisfactoty. 
It has been the practice to limit the furnace temperature to" 1,100® C., 
and fer normal running the limits i.ooo® to I,^oo® C. give good results, 
c These temperatures correspond to 9 to 1 1 per cent, of CQ, in the burnt 
jgases for ‘the composrtidn of ^ttie producer gas supplied to the plant. 
High temperatures* and C62 percentages can and have been^^ obtained, 
bui workingeto these is npt advised. 
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The lifnits r.oocf to i.roo® C. have the following advantages:— 

fi) No damage is done* to tfle furnace structure. • 

(2) , Complete combustion of the producer gas can^be ensured. 

(3) Dissociation of HjS04 into SO3 and HjO and further into 
• SOj is ^ .minimised, for it is greater at higher COj 

percentages. , * 

(4) Utilising the /uH capacity of the f&n at its constant speed, 
• thf capacity of tne unit* is greater than at lower initial 

temperatures. 

Fact'ors on which the Capacity of a Gaillard Unit depends. 

The factors controlling the concentration capacity of a Gaillard 
tower yielding a definite constant strength product are: — 

(1) The volume of gas passed through the tower. 

(2) The initial temperatute of these gases. 

(3) The concentration of the initial feed acid. 

(1) Volume of Gas passed through the ^^wer, — I'his obviously 
depends on the capacity of the fan and the resistance within the 
circuit. With a constant resistance the volume treated by a fan is 
directly proportional to its speed. 

(2) The Initial Ternperature of Gases. — For economic running a 
temperature of i,o(X)°*to i,ioo® C. is most suitable and the ijiajority of 
test runs have been made at these temperatures. 

(3) The concentration of the Initial Feed Acid. — This is a very 
importani; factor, and one wliich is often disregarded when com- 
parisons of output of different Gaillard units are made. It is a 
factor very obviously affecting the fuel consumption, and this being 
so, when other variables are fixed, it affecte the production capacity 
of the unit likewise. 


The Draught through a Gaillard Unit. 


W.hen first erected the gases from the main tower were conducted 
to the bottom of the recuperator tower and passed up against a spray 
of acid. Under these* circumstances the following water-gauge readings 
of the draught were obtained : — * 


InchSs. 


Furnace - - • - 

0‘2 

Tower outlet 

-• . o ’5 

Recuperator inlet 

-% - - - - I ' 2 • 

Recuperator outlet - 

2’0 

Scrubber inlet 

2*2 

Scrubber outlet * 


Entrdtace to fan 

• 

• "* " • * #*'3 7 # 


These»are {jverage readings obtained* with a iS-inch Kestner fan running 
at 1,440 ifp.m. Any irregularities in wDrking manifest themselves ^n 
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“fuming” at the dome of the tower. With the* removal of the tower 
. and the recuperator downtakes and the installatiofi of the direct dome 
to dome connection from tower to recuperator, as shown in Fig. 4*, the 
resistance through the circuit has been greatly decreased, and excellent 
draught can be obtained with a 16-inch fan running at ^ speed of 
1,300 r.p.m. , , • 

1'he first totver recofislructpd with a concurrent recuperator gave 
the following drauglit readingsr when the 16-mch fan was /tinning at 
1,260 r.p.ni. : — 

< ^ Inches. 

I'lif nace iri) 

'I'ower outlet or recuperator inlet - - - ) . 

Recuperator outlet 1^4 

Scrubber inlet o' 5 

Fan 

At 1,440 r.p.m. these readings became ;~ 

Furnace o'l 

Tower outlet o' 6 

Recuperator dt t let o'g 

Fan 2'4 

The great difference between those readings and those obtainable 
on a counter-current is manifest. 


Heat Requirements for Concic.ntration. 

The fuel consumption on a Gaillard concentrating plant varies 
not only with the method of working but also with the concentration 
range. Tlie variation in heat requirements for various concentration 
gradients which occur in practice, and also the variations induced 
by varied methods of wofking, will now be reviewed. 

J 

The Infloeoce of the Mtial and Final Acid Concentration Strengths on 
the Foel Concentration in a Gaillard Unit. — The initial and final strengths 
of acid which pass through a concentration plant vary according to 
the type of process and the method of working of the associated 
plant. For most Gaillard plants the following limits will apply; — 

(1) Initial feed acid - - 65 to 78 per cent. H2SO4. 

(2) Final concentrated acid - 92 to 96 per .cent. H2SO4. 

The thernlai requirements will hereafter be reduced to fuel con- 
sumption per ton of product. 


Standard Conditions in a Gaillard Unit. — The conditions existing in 
the main tower will be standardised throughout as; — 

(a) Initial state ... Feed acid at 15° C. 

/L\ !?• 1 „4_4 ( Conventrated acid at 220° C. 


(b) Fiq^l state t. 


Steam at 220° C. 


The relationship between th6 heat requirements in the Gaillard 
lower and the strength of the initial feed acid will be fir^ discussed 
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for a constant concentration product of 92 per cent. HaS04. A typica 
example of Queen’s Ferry practice being taken as under 

(а) Initial feed, 65 per cent. H2SO4. 

(б) J^'inal product, 92 ])er cent. H^,S04. 

' In a paper on Yhe “ Tliermal properties of sulplfuric acid and 
oleum ” (Trans. Farad Soc.^^^ol. XIII., Ht. 3, igtS), A. W. Porter, F.R.S., 
has drawn up a series of taWes ancf graphs. Fig. 2, from which the 
heat required for concentrating from any one strength to any other 
strength caq be rapidly determined. In the following work these tables 
are exclusively used : — 


The lieat required may be divided into two ?;tages, viz. : — 

(1) Heat of total evai)oration at constant temperature. 

(2) Sensible lieat at constant concentration. 


of 


The heat of total evaporation at constant temperature consists 


(а) Latent heat of evaporation of water. 

(б) Differential heat of dilution.^'** 


Then, from Porter’s tables, for i lb. of SOs : — 

(1) 1'lie sensible heat of acid containing 65 per cent, of H8SO4 

(i.e,, containing 53 per cent, of SO3) between 15^ and 
220° C. 204 C.H.U. 

(2) Tlie heat of evaporation for acid concentrated fr?)m 65 per 

cent, to 92 per cent. H2SO4 (1.^., 53 per cent, to 75 per cent. 
SO») at 220° C. = 352 C.H.U. 

. • . Total lic'at required = 556 C.H.U. 

. * , For JOG 11 ). of 9j per c'cnt. H2SO4 (75 lb. SO3) = 73 X 55b = 
41,700 c.H.r. 


or for I ion = C.H.l'. 

100 


The heat of evaporation 352 C.H.U. may be c'alculaled from the 
formulae in Porter’s paper as follows : — 

, The heat of total evaporation is th^ sum of the latent heat of the 
water at tlie temperature and the differential heat of dilution. 

Latent heat of waiter at ^20° C. ^36 5® critic«lil point) • 

=»=^3'9(3f\5-0* 

= 83-9 (365 — 220)* 

= 440-7 C;H.U. 

Differential heat of solution — 


fi]\ 504-2 M . o’7vt M (t — 15) , X, „ £ ^ 

(H) = . . ■ where M s= lb. ofc .water per lb. 

^ ' MX O 2013 ' M X O 062 w- • r 

ofSOj. 

• j, ^ = 

* This quantity is aSrertained from Bronstfed and Pfaundler’s values. 
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For a 53 per cent, solution, the amount of wkter to i lb. of SO* is 
■O’ 887 lb. , 

504-2 X ■887 -714 X -887 X C220-15) 

”-■887+ -2013+ W+ -062 ' = 547 5C.H.U. 

Heat of total evaporation for 53 per cent, acid at 220° C; is 
(440 • 7 X • 887) + 547 • 5 = 938 C.H.U. 

For a .75 per cent, solution the amount 'of water to i lb. of SO* is 
0-333 lb. * ' 

504-2 X -333 -714 X -333 X (220- I5-) ■ 

" - - 333 + -2013 + ^ 


Heat of total evaporation for 75 per cent, acid at 220° C. is 
(440-7 X -333) + 437'7 = 584’4 C.H.U. 

For concentration from 53 per cent, to 75 per cent. SO* the 
heat of total evaporation is (938-5 — 584-4) = 354 C.'H.U. 

It is of interest to note the close'hess with which Porter’s values 
agree with the method utilising Thomsen’s heat of dilution formula. 
Taking the same concentration range, 65 per cent, to 92 per cent., as 
before, then — ' i 

(а) Initial state : 141-6 gm. of 65 per cent. HjSOiat 15° C. 

(б) Final state : 100 gm. of 92 per cent, acid at 220° C. 

41 -6 gm. of steam at 220° C. 

The total heat necessary becomes : — 

(1) Acid heat : 100 X 0-35 X 205 = 7,175 calories. 

(2) Steam heal : 41-6 X 0-45 X 120= 2,246 calories. 

(3) Latent heat of evaporation : 41 - 6 x 536 = 22,297 calories. 

(4) Water heat ; 41 *6 x i X 85 = 3,536 calories. 

(5) Thomsen’s formula for the heat of solution Q of HjSO* in water 


is [H,S04, nH, 0 ] = 


n X 1 7,860 
n + I * 798' 


The heat of solution of the initial and final strength of the acid is 
calculated and the difference is the heat of solution sought. 

In the initial acid 49-6 lb. of water are associated with— 

92 lb. of HjSO*. 

In the final acid 8-0 lb. cf water are associated with — 


^ ^ .y— » 

^ w X 1786)0 *" 

•The equation Q = becomes as follows: — 

8 X 9 8 y-j ‘ 








h - 


18 X 92J 






= 6,90c 
calorie 


i/j X 92 , " j '.18 = 92 J J 

The sum of the C.H.U. under these five items is 42,150 C.H.U., 
this represents the total Real neeessary to concentrate 92 lb. of .Hj 
(of 75 lb. of SO3) from 65 p,er cent, to 95 per cent, sulphuricf acid. 
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For I lb. SO, (his become = 56, C.H.U., whereas Porter’s' 

C.H.U. This agreement is good, .the difference £)eing 
shghtly over I per cent. Henceforward, however, Porterl tables will 
be reverted to in determining the following heat requirements 

Reqniiements.— The concentration of x oer cent H SO in 

?h?? 1-^5 percent, to* 78 p?r cent H^isfas n 

tne (jaillSrd t^wfirR mav Kw ^ ^ 


• 

Initial strength 
of acid, 

Heat in calories 
for a solution 
containing 

I gm. of SO>. 



• 

Heat in C.H.U. 
for I ton of 

92 per cent. 
H,SO,. 

65 

,5560 

934,100 

66 

536-0 

• 900 , 5 qp 

67 

5134 

862,500 

• 68 

494-0 

829,900 

69 

474-0 

797,000 

70 

458-5 

770,300 

71 • 

439-0 

737,500 


Initial -strength 
of acid. 


72 

73 

74 

75 

76 

77 

78 


Heat in calorics 
for a solution# 
containing 
I gm. of SOs. 


420 ' 2 
402 O 

385 'o 

368*0 

352*0 

3370 

321*0 


Heat in C.H.U. 
for I ton of 
92 I)er cent. 
HaSO^. 


706,000 

675,400 

646,800 

618.200 

59 i. 300 

566.200 
539>3oo 


The effect of variation of the final concentration strength with a 
constant initial feed^ will now be considered, taking tlio case of the 
concentration of 65 per cent. H2SO4 up to x per cent. H2§04, where 
X = 92 per cent, to 96 per cent., and the conditions are those which 
exist in the Gaillard tower. 


Final 

concentration 

strength. 

Initial 

concentration. 

i Heat in C.H.U. 
for I ton of 
• product. 

Final 

concentration 

strength. 

• 

Initial 

concentration. 

Heat in C.H.U. 
for I ton of 
product. 

Per cent. 

92 

93 

94 

Per cent. 

65 

ft 

934,100 

968,200 

1,000,000 

Per cent. | 

95 

96 i 

i 

Per cent. 

65 

>» 

• 

1,032,900 

1,066,400 


* One ton of cpal delivers to the Gafllard furnaces the equivalent of 
140,000 cubic feet of producer gas at N.T.P. &t a . temperature of 300® C. 
This gas has the average composition — * • 

• Per cenl. 


•CO, .... 

. 

•• 6‘o 

CO ... , 

• 

- 24-0 

. H, . . . 

- 

. 8-R 

CH, - . . . 

• 

. 2-4 

N, . c . . 

• 


■ 58; 8 

• 

> • 

A * 

icfe'o 

and*a csflorific valup of 130 B. Th. 

y. = 72-3 

C.H.U. 
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Heal supplied . — Heat of corqbustion of* 

140,000 cubic feet of producer gas, n 40,000 X 72 ’3 *10,111,100 C.H.U. 

Sensible heat entering furnace, 140,000 X 0*074 
X 0-24x28^ 708,600 C.H.U. 


To?al heat ^ 10,819,700 C.H.U. 

(1 cubic foot of gas weighs 0*074 lb. and lias a 
sp. ht. of 0*24.) ^ , 

Under normal working, say to 9 per cent, of 
CO2 in the burnt gas, the volume of air is given by 

‘ Vol. air _ 2*76 
Vol. gas I 

Then, weight of air, i40,ocx) X 2*76 » 

X o*o8 - 30,912 lb. 

Weight of gas, 140,000 X 0*074 - 10,360 lb. 

Total weight of burnt gases leaving 
main tower at 220° C. - . - - 41,2721b. 

Heal expended . — Sensible heat in flue gas leaving 
220° C., 41,272 X 0*24 X 205 ...... 2,030,600 C.H.U. 


Net heat supplied to tower . - - . 8,789,100 C.H.U. 


1 he coal consumption per 1 ton of 65 to 92 per cent, acid may now 
be determined. 

One ton of 93 per cent, ^cid requires 934,100 C.H.U. (sec page 15), 
and to this must be added the additional heat for— 

(а) Losses by radiation. 

(б) Dissociation losses of HjS04 into SO3, SO2, &c. 


As an approximation, it may be assumed that ap additional 20 per. 
cent, of heat will be required, and the heat requirements then 
become , . 


934.100 X 120 


100 


1,120,900 C.H.U. 


But, working to a g per cent. CO4 content in the burnt gases, the 
available heat per ton of coal for concentration in the main tower is 

8,789,100 C.H.U. 

The concentr'ation of t ton 65 to 92 per i*ent. H.SO4 requires 
i,i2o,9fX) ‘ , 

8,789,100 = 0*128 ton of coal, 



•• 


Tof‘ace!p, AJl 
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The (abulatijn can now be extended as follows (Fig. 8) : — 


■ 1 

Initial | 

Final 

9 

Per cent. COj in 

tEqui valent fuel 

concentration. j 

I’oncentration. 

burnt gases. 

consumption. 


_ . 

Per cent. • 

0 

65 

* 92 , 

• • 

1 9 

O’ 1280 

^ • 

11 


0*1230 

67 



O' 1175 

.68 

• 


0-1130 

(4 



^ 0-1090 

70 

19 


0* 1050 

71 



o' 1010 

72 • 



0-0965 

73 



00920 


j* 


00980 

75 • 



0*0845 

76 

1 »’ 


O' 0807 

77 


” 

0*0770 

78 

»> 

»> 

0*0736 

65 

93 


0*1320 

• >» 

94 


0*1365 


95 


0*1410 

11 

96 


0*1460 


The influence of air dilution on the coal consumption with a 
constant feed and pn)duct, and assuming the dissociation of sulphuric 
acid to be constant, will now be considered. 


Proceeding on the same lines .'is were used to determine the heat 
available for concentration with a burnt gas of q per cent. COj, 
the following figures are obtained for the special case, of 65-93 per cent, 
concentration. (Fig. 9-)* • 


COj in burnt 
gases. 

Vols. air. 
Vols. gas. 

1 Coal 

1 consumption. 

COj in burnt 
gase.*;. 

Vols. air. 
Vols. gas. 

Coal 

consumption. 

1 

17.1 1 

1*06 

0*116 

1 

8-0 

I'H 


. 9-0 1 

2*76 

• 

0*128 

5*0 

, ! 

5'64 

j 0-157 


The coal consuiflption of o' 116 is that theoretically o’bteinable by 
adding just that quantity«of air necessary for complete combustion of 
the producet gas. It is not contended from this* that as high a CO, 
conterfT as possible should be aimed at. It has already been stated 
that the most suitable furnace temperature to work to is in the 
neighbourhood of 1,000° C. The conditions militating against working 
at higher temperatures and COj contents have been pointed out in this 
connexion. .The comparisons noted, above* showefl the distiijct ^ 
economic advantages of working .to a COaTigufe of ^10 p&.cent. as 
agaiast a,low CO, figure, say 5 per cent., representing a temperature in 
the neighbourhood 6f 600° C. 
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It should be especially noted that in these compatrisons all calcula- 
tions are base^ on the work done 'fa the main towfer. It has been 
already mentioned that much of the waste heat from the main tower is 
caught again iri the recuperator as sensible heat, only to be permanently 
lost to the system, however, in the heat exchange in the recunerator 
acid coolers. 


Air CoNSOMPTioh. 


The following figures will serve to iijdictte thfe quantities of air 
co/isumed working to the orfginel scheme, viz., that in which acid is 
blown down th'rough atomisers into the recuperators as well as into 
the main tower. * 


During the month of October 1918, air was supplied to the plant at 
seven atmospheres pressure, and the actual tonnage of aci^i charged to 
the towers was 19,775 tons, say 20,00a tons.' 

Feed acid charged to main tower - - - 20,000 tons. 

Feed acid charged ^o recuperators - - - 20,000 x ij 

= 30,0CK3 tons. 

Total amount of acid elevated - - - 50,000 tons = 

50,000 X 2,240 lbs. 

100 lb. acid occupies 1 cubic foot. 

t 

Volume of air displaced in cubic feet at atmospheric pressure — 

50,000 X 2,24o _ x _ 7 _ ^ 8^0,000 cubic feet of air. 

20,000 tons of weak acid yield 14,200 tons of strong acid. 


. • . For the concentration of every ton of product the air required is 
approximatejy — « 


7,840,000 

14,200 


=550 cubic feet. 


Concurrent versus Counter-Current Units. 

Production Capacity. — On page 14 a comparison, has already been . 
made on the question of circuit resistances, and these are reflected in 
the water-gauge readings. ^ ^ » 

Under normal working conditions with a feed of acid of 65-66 per 
cent, and a • final concentrated product of 92 per cent. the*capacity of 
a counter-current unit with a 16-inch.fan running at 1,400-1,500 r.p.m. 
varies from 40-45 tons per day. 

The capacity of a concurrent unit, however^ is mudi greater. For 
lower fan speeds ithe capacity is much increased, and at a fan speed of 
i,f4Tr.p.m;ian average figure for a good concurrent unit i§*6o tons per 
diem. It naturally follows 'that at higher initial feed strengths jthe 
bapa^ity is coiyespondingly pcieased. 




Ffues 
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A Auinber of tests were jnade on the first concurrent unit the 
results of which are set out in the following table 


Tons. 

• 

• 

Initial feed. 

• 

Degree bf 
concentration. 

Fan speed. 



.'K.- ^ 



• f^er cept. 

Per cent. 

r.p.m. 

• 77 • 

72*0 

93 0 

1,260 

72 

• ^ 4 ‘o 

94 0 

1,260 

•*.64 

74 **c^ 

• 950 

1,260 . 

i%o 

740 

• 912 1 



The first three of these tests were obtained using a i6-inch fan 
running at 1,260 r.p.ra. 

These performancej were test runs. Owing to the difficulty of 
keeping the recuperator outlbt and fan temperatures down, it was 
jiecessary to reduce the rate of production. This was obviously due to 
the difficulty in obtaining a sufficient supply^! acid for the recuperator. 
Given a plentiful supply of acid available for cooling in the recuperator 
it can be seen that the production capacity of this unit at a fan speed 
of i,8(xd r.p.m. is well above the 100 ton mark. 

Examples of the physical data obtained from the unit are shown in 
the two diagrams. Figs. ,10 and ii. 

The capacity *of a unit concentrating to a constant <:oncentration 
product is dependent 011 the strength of the initial feed. On the basis 
worked out in a previous section the same heat requirements apply to 
the following groups : — 

(i) (a) 50 tons 92, per cent, from 65 per cent. feed. 


[b) 77 



75 

»> 

(a) 60 „ 

n 




{b) 92 

» 


75 



It is obvious in comparing unit outputs, therefore, that attention 
must be paid not only to fan speeds and furnace temperatures, but also 
to initial and final concentrations. 

A new type of 21 -inch Kestner fan, a sketch of which is shown in 
• Fig. 12, was afterwards introduced . in connection with one of the 
counter-current units. The design was developed by Messrs. Kestner, 
Ltd., to treat, witlf a wates-gauge of 7 to 8 incSes at the -fan? a volume of 
6,000 cubic feet of gas at 100° C. A test was run on this unit with the 
fan running at i,-5oo r.p.m., with the following results., 

7 he unit is capable of concei^rating 70 tons of-92 per cent, .per day 
from aieed of 65 per cent, to 67 per c«nt. HjSOi. Actual determinations 
of the volume of gases dealt with by the fan during this test were not 
made owing to the di^ordant results obtainable. Previous , experience 
with the pibsent available type of asiemoiwtor and^ the u/ifavou'-'i.bfe 
condition of sudden changes in* the tfireation of motion of the gases 
prdvailfhg at the'fqn have shown the (utility of obtaining results of any 
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accuracy. The following method, however, will yield, approximately 
the volume deaU with per minute by tlie fan when concentrating to this ^ 
.capacity ; — ^ « 

• 13 ton of coal is required for concentration, of i ton 92 per cent. 

acid from per cent. HjSO* per diem. 

1 ton of coal yields 140,000 cubic feet of gas. 

'13 X 140,000 =■ 18,200 cubic feet gas per i ton 92 per cent. 

acid. ^ 

» • 

1 volume of gas requires 2.’ 76 volumes 6f air to produce 9 pe.’' cent. 

of CO* in, burnt gases. , 

3 '76 volumes of gas and air become 3 ’6 volumes after combustion. 

. • . volume of burnt gas at 100° C. per i ton of 92 per cent, acid 

_ 3 6 X ^ 89,520 cubic feet at px)'’ C. fan temperature. 

Water evaporated in main tower = o' 416 tons. 

Steam produced in cu\yc feet at 100° C. 

= O' 4,16 X 2,240 X 26 ' 7 p. 

= 24,930 cubic feet. 

Total volume of gases at 100° C. = (89,520 + 24,930) = 114,450 
cubic feet. , 

To this must be added the maximum of 15 per cpnt. for air leaks 
through the system, then 
Total volume per day — 

= 131,620 cubic feet. 

The volume passing through the fan per minute — 

_ 1 3.^ i62o _ cubic feet. 

1,44a 

The treatment of 70 tons per day therefore requires 70 x 91 - 6,370 
cubic feet per minute at 100° C. 

The water-gauge readings through the unit ivere ; — 


Furnace - - - - 

Inches. 
- 0-25 

Tower downtake 

- i'90 

Recuperator inlfet 

- 3’40 

• Recuperator outlet - . 

. - ‘5 00 

Scrubber inlet - 

- . - 

, 3 crubber€Outlet - 

- 8' 10 

Fan inlet - - - , - 

- lO'IO 


The New Recuperators and Recuperator Acid Coolers. 

. The fundamental altferations^ introduced in the new system are 
shown in pig. 13,* and may be, classified as follows; — , 

(a) Substitution of. pumps for eggs in all cases where the elevation 
of abid is neces^ry. 
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(6) ^Substitution of a packed “box” type of recuperator for the 
prestnt tower recupepator. 

(c) The installation of i6 recuperator cooler^, one td each recupera- 
tor, to cool the hot acid delivered from the recuperator. 

Xhe general arrangement will now be descrilx^d. 

Acid Circulatiolh. — Acid from the denitrated acid^sforage tanks gravi- 
tates through two 3-jijch lead maiiK Jo a' duplicate set of three Rees 
Roturljp ca^t-iron centrifujfal pumps situated midway in front of the 
denitrated acid storage Ijpuse. These pumps deliver through two 3-inch 
lead 4|igins, one for each house, to tvx> steady head storage tanks, 
situated between units 5 and 6 an^ units ii and i2 on the spiay 
platforms to the main tower. From this •tank acid gravitates to a 
scries of eight small lead-lined tanks grouped in pairs on the same level 
as the present recuperator top platforms, but between the present 
recuperator^ e.g., between recuperators 7-8, 5-6, 3-4, 1-2. From these 
eight recuperator tanks *in eaoJi house acid flows to an open launder from 
which the acid is fed to 23 distributors and pottery lutes. The acid 
which collects at the base of the recuperators overflows from the lead 
saucer into a pipe delivering to a recuperator cooler, from which it 
passes^into a common 4-inch main delivering to a ground level tank at 
the northern end of each of the two Gaillard houses. The central 
steady head tanks at the tops of the towers are provided with overflow 
pipes leading to these ground tanks, which in turn overflow to the 
weak denitrated acid storage tanks. 

In this way all denitrated acid is first passed through the re- 
cuperator, and, in addition, arrangements have been made for all fan 
drips and weak acid received from the Cottrell precipitator to return 
to the denitrated acid storage tanks. Scrubber acid is made to pass 
t(^ the ground level tanks like recuperator acid. 

The acid from the ground level tanks is the chief supply for the 
main t^iwer. In each house this acid is*elevated by three centrifugal 
pumps near the tanks to two lead-lined storage tanks, situated 
immediately above on an extension to the building at the top platform 
level. These tanks are of dimensions 10 feet by 4 feet 6 inches by 4 feet, 
and are provided with an overflow to the tanks immediately below. 
The three lines from the pumps are of 2 -inch lead piping. 

Three pumps ^are installed to deliver directly into the main tower 
through the atomisers. From the pumps tt wo sets of 3-inch cast-iron 
pipe-lines extend tjie whole length of the pla 4 form and between each 
pair of towers tee brandies are made with 4-inch fullway -valves. 
These are directly coribected with both 4-inch mains and extend to 
the iidiviflual tower, where branches with i-inch fullway valves are 
connected, and to these i-inch*Jead pipes supply acid through the 
atomiser to the main tower. As a general rule one 4-inch pipe will 
supply the whole house, but when the spare main is require^ to be 
used the 3-inch tee at fhe reducing piece nea^the pumps is blanked of 
from the main and a 3-inch bend fitte^ between the, tee and the spare 
main. * ^ 

The •Box.” Recup^tor.— This consists of a box. u feet 3 inches 
by 6 feet by 10 feet 9 inches high, lined with x.2-lb. dead ; the wajils are 
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9 inches thick and are constructed of^ brick. The inl^t pipe from the 
main tower iS| 24 inches in diameter and within the recuperator is 
built of acid-pfoof obsidianite. The outlet pipe is at the top of the 
recuperator and consists of a 21 -inch lead pipe leading off to the 
scrubber. (Fig. 14.) » , 

Packing. — At the base,, the obsidianite pipe opens out at a dis- 
tance of I foot 9 inches from the'- floor into* an sfriangement of chequer 
brickwork. The gases pass through the chequer brickwork 'knd up 
through a 6-inch layer of acid-proof brick slatfs, each'2 feet by 6 inches 
by 3 inches, arranged with 3-mch' spaces, and then through tWo layers 
of 6-inch quartk. This is followed by two courses of brick chequer, 
each 3 inches in thickness' and on these is placed an orderly arrange- 
ment of 3-inch pottery rings with spaces arranged vertically. These 
are continued to a height of 5 feet, and are followed by several courses 
of 3-inch brick chequer. , . . * 

The roof bricks forming the cover of the recuperator are 5 feet 
I inch long. The pottery lutes on the top of the recuperator, which 
are 23 in number, are <iniformly distributed, and are supplied by 
J-inch bore lead pipes from the distributing launders. These pottery 
lutes are covered with a lead seal. 

The whole recuperator stands on a 30-lb. lead tray, to which is 
attached a saucer or pan of 30-lb. lead provided yi?ith a 3-inch diameter 
bore lead pipe. 

It has since been decided to replace the silicon-iron pipe sections 
inside the recuperator with obsidianite acid-proof pipes. 

Connections jrom the Main Tower. — From the main tower the off- 
take is taken from the periphery of the dome to avoid collision with 
the girders already erected. The whole offtake is of silicon-iron, and 
is made up of 32 24-inch sections. 

The general arrangement* is shown diagrammatically in Fi^. 15. 


Efficiency and Cost of Working. 


Table showing Output of Gaillard Towers, Efficiency, and Service 
Charges for six-monthly Periods. 


Period. 

Production^, 
in tons of 

1 

Loss. 

Average 
strength 
of acid 

Loss of HaSO^ 
per Ton. 

Services 
per Ton. 

• 

Total 
per Ton. 

» 

4 


ob- 

tained. 

Tons. 

Cost. 

1916. 

Tons. 

Per 

cent. 

Per 

cenb 


£ 

£ 

r. 

£ 

June-December - 
1917. 

January-Jfbne - 

29.099 ’5 

7'9 

909 

0*086 

0*602 

0-791 

‘ i '393 

55.312 0 

, 40 

895 

O' 042 

■ 0294 

0*601 

0-895 

jlily-December - 

58 .. 373'3 

1 . 2-4 

. 90’ 7 

0*025 

0173 

o*»8ii 

0*984 

JantSry-June* - 

66,798 •9' 

' 2'0 • 
< 

92 p 

i 

0*020 

O’ 142 

Ic* 284 

1*426* 


■ <1 
• Chehigh figure £1-43^ for total setvice Charges for the six-monthly period ending June 1918 is 
due to the charge set down for the ex^tranve a^tervUpos then in progr€«,-.ano which include the erection of 
tb® new ifecfiperators andt^req^^erator acid coolers. 
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Tabu skowing*tke Output and Efficiency obtained from the Queen's 
Ferry Gaillard Towers during October 191&. 


Period? 

1 

1 

Production 
in tons of 

Strength of 
concentrate 
per cent, t 

Strength of 
feed acid. 
Per cent. 
H’aSO*. 

Loss 
per cent. 

; « S 

1918:— • • , 


! 



OctOu^lii - - - - - 


93*5 

67 -8 

1*7 

W®ek ending 5th October - 

2,790 *6 

93*8 

f.f8 

2'3 

»» » j 12th ,, - 

2,612 0 

^ 3*9 

67-4 

1*8 

» » igtii 

2 , 735*3 i 

93*4 ! 

678 

2*3 

,, „ 26th 

3.138' 6 j 

93*3 1 

67-0 

0*9 

„ „ 2nd November 

% 

2,839-6 

92*9 1 

68-3 

i 1-2 


A Heat Balance for the Gas Producers ^nd Gaillard Towers. 

Oemal. — The following results refer to the gas producers and four 
Gaillard towers working at Gretna. 

Object . — To estimate the thermal efficiency of the gas producers 
and to allocate all the thermal losses. 

Result . — Four Gaillard towers producing ii'i25 tons of 93’ ii per 
cent, sulphuric acid per hour from 74*7 per cent, sulphuric acid require 
the consumption of 1 • 183 tons of cx>al per hour or o • 1 143 tons per ton 
of HjSO*. Under these conditions the total heat (sensible and potential) 
taken into the system amounts to i 5 , 35 i> 5 ^o C.H.U. per liour. The 
main items in the expenditure of this heat are given below : — 

Percentage of total 

Item. heat put into the system. 


Loss in producer - - - - 

„ flue 

„ combustion chamber 
•„ hot concentrated acid 
by r^iation and dissociation in.tower 
in gas main •to recuperator 
„ acid from recuperator - 
by radiation in recuperator 
in acid from scrub^r - 
by radiation from scrubber 
„ „ between scrubber and 

exit - 

Leaving in exit * 


i3‘9 

io’7 

7- 6 
i3‘o 

8- 6 

0-8 

9*5 

2K) 

0*6 

4’4 

2’I 

36 -§ 


lOO'O 
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sui!phuiwc acid concentration. 


Conclusions . — The efficiency of the^roducers is good and^the losses 
there, in the flue, and in the combdstion chamber are no higher than 
would be expected. « 

The grea'test preventable heat loss on the Gaillard tower is the 
heat going away in the hot concentrated acid, which amounts to 
2p*3 per cent, ef tlie lieat supplied to the towerc. Tlie recuperator 
recovers 9 • 3 per c'ent. of the beat entering tl^e^ tower, but this is lost 
again when the acid from the' recuperator passes through the coolers. 

If the difficulties involved in a system ,of heat exclianges for the 
acids could be overcome, a very large saving of fuel would be, effected. 

' Experimental. — I'hc data upon which this heat balance is based 
were obtained over a period of 12 hours. From day to day the 
essential data vary only slightly, but several trial runs were made 
previously in order to ensure that everything was working smoothly. 
The run used here was selected iis being mpst representative of the 
normal working of the two plants. 

The temperatures were taken hourly and averaged. 'I'he hoppers 
at the gas producers ware carefully calibrated by filling each one on 
several occasions with weighed quantities of the coal used throughout 
the run. As gas meters of the requisite capacity were not forthcoming, 
it was necessary to calculate the volume of the gas produced. This 
was done by measuring the air going into the prpducers and calculating 
on the amount of nitrogen entering as air and on the nitrogen appear- 
ing as a percentage of the gas produced. The volume of air was 
obtained from velocity readings taken in the air flue (20-inch diameter) 
by means of standard brass Pitot tubes. The air flue was previously 
calibrated and the current of air found to be moving at a mean velocity 
on the circumference of a circle, concentric- with the flue and of 5-inch 
radius. Xylene of known specific gravity was used in the gauge. 

The water in the steam-air blast was determined by allowing 
(luantities of about 200 cubic: feet of the mixture passing into the fuel 
bed to blow through an apparatus consisting of the following 
instruments, in the order given : — 

(1) A glass tube of wide bore passing into 

(2) A soxhlet ball condenser ; 

(3) A long liebig condenser » . . 

(4) A laboratory gas ipeter fitted with a thermometer. 

Both condensers were frtted withljottles to .collect lihe condensed water. 
This water was weighed and the air leaving^ the apparatus was taken 
as saturated. The ^otal weight of water passing into tl^ apparatus 
could therefore be calculated. Several estimations were mad^iii this 
way dnd the method gave consistent results. 

Estimations of tar-mist and moisture were made on the gas leaving 
the producers and entering the Gaillard tow^ars. The tar-mist was 
‘filtered out in flry glas’srwool contained in a y tube and the water 
passing o'der was* absorbed jn cmlcium chloride. The glass-wool tube 
containing the tar was dried in a water bath and the dpareast in 
weight afWed'to the weight of ^vater absorbed by the calcium chloride. 
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rhese tests cervcd ^.s a valuable dh^ck on the calculated amounts of 
HjO and tar present in the gas. ^ 

Continuous gas samples were taken from the Sue to ^he Gaillard 
Lovv-ers, and the figures given represent averages of these with s(‘veral 
tests* At tlie exits of the Gaillards, continuous CO,, H^SO„ and 
HO estimations wetfe made. Throughout the work^ (^^ery ('are was 
taken in the sam])ling materials. • ^ • 

Data. —All^ gas volumes are at N. 7 \P. except where otherwise 
dated. ^ • 

Pri^ducers working - - 4 • * 

Gaillard towers working - 4 • 

Coal' used - - - - 1 • uSjj tons i)or hour. 


Analysis of c'oal : 

Carbort - 

Ilydrogc^ii - - * - 

Nitrogen - - - - 

Siilx)hur - - - - 

Oxygen - - - - 

Ash 

Moisture in ('oal used 
Calorific value of .('oal (dry 
sample, determined in bomb 
calorimeter) - - - - 

Ash 

Combustihle matter in ash 
“ Blast saturation temperature 
Atmospheric’ Juimidity 

Anabasis of gas : - - 

CO 

CO, 

N/ 

CH, 

H, 


Per cent. 
-61 -50 

- 4‘.55 

- 1’2() 

- . IMI 

- 14-44 
. 17-40 

14-42 per cent. 


6,000 C.II.U., or io,8*)o B.T.U. 
per lb. 

2*2 tons per 12 hours. 

7- r ])er cent. 

40 - 5 “ C. 

o-8() lb. per i,cx)o cul). It. 

• Per c'ent. 

- 2cy4 

. 2-4 

. - - - 57-6 

i-o 

- 9*6 


• Calc'Lilated gross.calorific value 

of gas - . - - - - <S(r54 O.H.U. per c'ub. ft. 

Gas made - # - - - 3,300 c’uU ft. per hour. 

Water in gas - - ^ - - 0-334 cub. ft. 

Unfixed ^-arbon in gas leaving 
fWbducers - - - - o’ocjS „ 

Unfixed carbon in gas entering^ 

Gaillards - - - - 0*048 „ „ „ 

Concentrated acid produced a J 11*125 tons per liour per* four 
Gaillards - - - - towers.* • 

CoiK'f^tratrd acdd contains ()3-s i yer cent. of*HS04** 

• -• - - - 74-70 

Lcjss in-(:oncfintration - „ „ 


0 ^145 
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Acid recovered per hour in each y— 

Recuperatpr . - - 252 lb. of H2SO+ as 72 per cent. 

" acid. 

Scrubber - • - - 271 lb. of H2SO4 as 60 per cent. 

acid. 

Fan II lb. of H2SO4 as 40 per cent. 

‘ . acid; 

Acid lost per hour in each exit 60 lb:iof H2SO4. 

Acid circulated in the recupera- 
tor - - - - - 2*9 tons per hour. 

Strength 72 per cent. H2SO4. 

Volume of exit gases per hour - 124,400 cub. ft. per tower. 

CO2 in exit gases ... 7-80 percent. 

Temperatures 


Coal - -0 - 

- 

- 

- 

20° C. 

Atmospheric 

- 

- 

- 

20° C. 

Air-steam blast - 

- 

- 

- 

40° c. 

Gas leaving producer - 

- 

- 

- 

600° c. 

„ entering Gaillard combustion chcimber 

150" c. 

Gases entering tower - 


- 

- , - 

1000 ° C. 

. „ leaving tower 


- 

- 

220° C. 

„ entering recuperator 



- 

210° C. 

„ „ scrubber 



- 

140° C. 

„ leaving scrubber 



- 

98° C. 

„ „ exit 



- 

80° c. 

Acid at sprays 



- 

40° c. 

„ leaving lower 

- 


- 

220 ° C 

„ entering recuperator 




45 ° C. 

„ leaving recuperator 



- 

120° C. 

„ „ scrubber - 



- 

90° C. 

,, ,, fan 



- 

85' c. 


Calculations. — All quantities of heat are given in C.H.U. per hour, 
all weights of materials in tons or lb. per hour (1 ton ~ 2,240 lb.), 
and all gas volumes in dubic feet per hour at N.T.P. 


ParI I. — Gas^" Producers and Flue to Gaillard Yow»r3. 
Coal used. 

Moisture in coal - - i^’ 42 per cent. 

Coal used in 1 2. hou rs 1 4 • 2 tons. 

=r I • 1833 tons per hour. 

— I ‘oi 25 tons dry coal ppirhouv. 
= 2,268 lb. dry ‘coal per hour. 
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Air giing int% producers. 

Velocity in air - - 1 1 * 51 ft. sec. at 20° C. 

.Vrea of air pipe - - 2*18 sq.ft. • 

.Volume of air II -51 X 2‘i8 — 25'i cub. ft. per sec. at 20“ C. 

= 90,378 cub. ft. per hour at 
2a° C. 


Moisture in thi»air. 

% • 

^T()istLl^e in air - - =?o*86 lb. per i,cx)0/'ub. ft. 

I cub. ft. of air at o° C. = o'oSob lb. 

90,378 cub.' ft. of moist air at 20° C. contains 90*4 X 'Sb 77-7 lb. 

of H^O, whi('h is equivalent to 1,550 cub. It. of water vapour at o*^ C., 

or 1,660 cub. k. of water vapour at 2cf C. 

90,378 - i,6()0 ” 88,718 eftb. ft. of dry air at 20"^ C. 

-- <S2,6oo cub. ft. of dry air at o^ C. 

“ 6,650*7 lb. of dry air at g/ C. 


Calculation oj volume oj from its nitrogen content. 


100 cub. ft. ^as contain 57*6 cub. ft. of N,. 
<S2,f)00 cub, ft. air contain 65,300 cub. ft. of N^. 
65,300 ('ll!.), ft. will be present in~- 


65,^0 X 100 , . 

‘ .y . (3 = II 3>300 cub. ft. gas. 


Steam going into producers. 

•Air steam blast contains 7*0 gm. H/) per 100 litres - 

8*7 litres HP vapour and 91*3 litres dry air 
^ 7 gm. Hp and 118 gm. diy air. 

Dry air going into the producers - - - 6651 lb. 

1 18 gill, of diy air are accompanied by - - 7 gm. of Hp. 

I'licn 6651 lb. of dry air are accompanied by - 395 lb. of Hp. 

• • 

e., 393 lb. of H^O enter the [Hoduccr as steiiiii. 


Moisture from the air* 

**82,600 cub. ft. of dry rur are accompanied by 77-7 lb. of 
H,(). 

i.e., of the water entering in the air-steam blast. 

317*3 lb. are obtained from the steam* and 
77-7 •„ „ ... •atfliospfiere. 

‘*Thi8 (!brrespond.s to a “ blast saturation ” temperature of / 
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Carbon content of gas. ^ ^ , 

29*4 per cent, by volume of CO = 2*295 lb. of 00 = 0*9836 lb. 
of C per i(X) cub. ft. 

2*4 per cent, by volume of C(X = ()*29() lb. of CO, — 0*033;^ lb. 
of C per 100 cub. ft. 

1 •() per c('iit. by volikne of CH;— o*()45 lb. of CH^ --0*0807 lb. 

of C per ICO cub. ft. 

Total carbon per 100 ciib.^Tt. - * - - V098olb: 

f' 

Carbon in ii3,3cx)cub. ft T*cg8 x 113, 3£X) _ ^ ^ - Jb 
gas. * 100 45 * 

Carbon put into ])rodiiccrs 2,268 x 61 * 5 _ ^ . .g ||^ 

Asli from producers - - 2‘*2 ton's per 12 hours. 

Taking 7*1 pei cemt. of 
combustible^ matter as 

c'arbon, tlie ash contains 29*12 lb. of ('arl)on per hour. 


The distribution of the carbon is then as follows 

— =: 89*40 per cent. fi:ced in the gas, 

and — J — - 2*09 per ('ent. lost in the ash, 

1,394*8 


leaving 


8 "SI i)er eent. present, but unfixed, in the 


Total heat put into producers. 

(a) Calorific value of coal — 10,800 B.T.U. per lb. of dry material. 
Dry coal used - 2,268 lb. 

2,268 X 10,800 X ii = 13,608,000 C.H.U. 


{b) Sensible heat in coal—- 
Temperajure' 20“ C. 

Coal contains - * 14‘42 per cent, bf moisture. 
2,268 lb. of dry coal and 382 'lb. of HjO. 

'(2,268 X 0-241 X 20) + (382 X 20) = 18,572 c.Hru. 

(c) Sensible heat in air and steam blast — 

Temperattire 40° C. , 

.595 lb. of HjO, vapour and 6,650 lb. of aif. 

( 39 i X 0 '- 4.54 40) -b (6650 X 0-239 x 40) =- 7 «. 77 ” 

Latent heat in steam = 395 x 573 226,-ioo C.H.U. 
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Calorific value of the gas leaving the producers. 

In loo cub. it. of gas the combustibles are as follows j— 

29-4 cul). ft. of CO - 2 ‘295 lb. ol*CO. 

1 o cub. ft. of CHj = 0-045 1^’- of CH4. 

9-6 cub. ft. of = 054 lb. of Ho. 


Carbon monoxide. 

• • 

2CO + Oa.= 2CC^ -1 136,400 calorics. 
2, *295 lb. of CO evolve 

5^ 

Methane. 


CH^ 2O2 -- - CO._. + 2H2O + 213,500 cal. 

0-0^5 11). of CM, evolve ^ 'o-fo 

10 


~ 5,^90 C.H.U. 


6m -5 C.H.n. 


Hydrogen. 

*2H2 •(- O2 — 2H2O -I- i3(S,0(X) calories. 

0-054 lb. of H. evolve '"-H - 1,863 C.H.U. 

, 4 I Ota I - <^,053-5 C.H.U. 

tiross calorific .value of gas -v 80-535 C.H.U. per cub. ft., or 145 
B.'r.U. |)er cul). ft. • 

Gross (-alorilic value of 113,300 cub. ft. = 9,140,000 C.H.U. 

Sensible heal in gas leaving producers. 

Volume of gas 113,300 cub. ft. ; Temperature 600° C. 


Weighls of Gases per^Hour. 


IV'H I'oiiipositmii of grm In \oIiiine. 


C'ub. I’l. per lioiir. I I,b. prr bnur. 


CO 29 4 
CH4 i‘o 
ha g-6 
CO 2 2*4 
N2 57’^ 



10,890 
•- ' 2,720 

- j • ^>5,140 


2,600 

51 

61 


334 


5,088 






"Bh® follt)wing method, Producer Gas," by Dt)\vson an^l Larter, is 

used throughout in cakailating the|?ensible heat of gases; Le Chatelier^s 
values are taken. 

Mean specific heat of CO at constant pressure between absolute 
zero and C. ~ a + b 5c (t -h -73) ♦ ^ • 

0*2326 + '0000214 X (t + 273) * “ (^)* 

required- to raise temperature of x lb. of CO from’ 
absolute*z?ro to C. - a (/g + 273) + k (fi+ 273)® C.H.U, - -^(2) 
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Heat required to raise temperature of i lb. of gas from /i 
to It is the difference between (i)» abd (2), i.e . — * ' 

a (tg I,) + - ti) (tg + ti + 546) C.H.U. - - - (3) 

The mean specific heat between t, and tg is therefore — 

a + f> (tj + b + 54^) r ■ ‘ ■ ''( 4 ) 

Using this formula witli Le Chatelier’s values for a and b, then the 
mean siiecific. heats for gasesVbetwcen o'' an'cf 600° are — 


CO = 0-259, CH4 = 0-450, COg - 

0-245, Hg =,3-594. Ng = 


• ' C.H.IJ.' 

CO 2,000 lb. X 600 X 6-257 

- 401,500 

CH4 51 lb. X 6qo X 0-45 - 

- 13,780 

Hg 61 lb. X 600 X 3-594 - 

- 131,600 

COg 334 lb. X 600 X 0-245 

- 49,050 

Ng 5,088 lb. X 600 X 0 • 257 

- 784,000 

Total 

- 1,379,930 


Sensible heat of stehm in the gas ; — 

There are 382 '2 lli. of water driven off the coal, and this appears 
as steam in the gas - 

382'2 lb. of H.gO in 113,300 cub. ft. = 0 337 lb. per 100 cub. ft., 

•or 5 '35 gm. per 100 litre!. 

Tests fpr moisture in the gas gave results between 5 and bgm. per 
100 litres, so the steam in the gas is taken as equal to the amount 
of water driven olT the coal. 

Latent and sensible heat in water driven oft coal : — 

The volume of gas is - - - - 113,300 cub. ft. 

The water from the coal is - - - 382 lb. 

” = 7,590 cub. ft. of water vapour. 

The partial pressure of the steam is- 

7590j< 30 „ 2-01 inches of mercury. 

113300 

The boiling point of water and its latent heat under this pressure' 
are 38° C. and 575 C.H.LL respectively. 

C.H.U. 

Specific heat of steam between 38° C. and 
,600^ C. =i 0-553 

Sensible heat of w'ater from (20° — 38°) 

= 18 X 382 - - - - - - 6,880 , 

Latent heat of water = 382 x 575 - - 219,500 

Super heat of steam (38° — 600) ^ 562 

X 38^x0-543 - - - - ii8;6oo 

c 

Total - - - 344.989 
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Efficiency of Producers. 

(a) Efficiency of Gas Production . — Tar is omitted from this estimate, 
and* the latent and sensible heat of the steam evaporated from the wet 
coal are not included. 


float 


put in. 


Heat got out. 


Stjurce. 


C.H.U. 


SourtT. 


Calorific value of coal - I 
Sensible heat of coal - - ! 

Sensible heat oi air and ' 
steam - - - - : 

Latent heat of steam - - | 


13,608,000 

18.572 


Calorific value of gas 
Sensible heat t)f gas - 


70,270 

226,100 


13.923,442 


C.H.U. 


- : 9,140,000 

- I L379,9o» 

I 


10,519,900 


Efficiency 

producer. 


10,159,900 X 100 
13, 923,442 


= 75‘6 per cent of heal put into 


(t) Actual Thermal Efficiency , — Tlie efficiency given under (a) is 
that which is obtained if all the tar produced were lost. Actually, 
about 50 per cent, of the tar produced is burnt at the Gaillards. 
This must be added to the c'alorific value of the gas both at the 
producer^ and at the Gaillards. The loss of tar due to deposition 
in the flue will be considered as flue loss. Jn the calculations relating 
to the carbon content of the gas itvas found that 7*98 per cent, of 
carbon charged into tlie produc'er appeared unfixed in the gas. This 
is equivalent to iii'3 lb. of carbon per hour, or 0*098 lb. per 
100 cub. ft., or i*57 grn, per 100 litres. Difficulty was found in 
estimating the tar in the gas, and the results varied between 1 and 
2 gm. per 100 litres at the producers and from 0*5 to i gni. per 
100 litres at the. Gaillards. The calculated ^figures are therefore used. 


Calorific value of the tar : — 

III *3 lb. of carbon lea ve^ the producer as tar. 

C + O2 = CO. + 97, boo C.H.U. 

Ill ’3 lb. of C* evolve 111-3 X 97»^oo = C.H l>. 

^en^ble heat -in tar = 111*3" X 0*315 •x 600 = 21,036 C.H.U. 
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- f iiMi leaving the producer, including 

Amended figures for the “ 
heat in the tar and steam, are as.fdllo^ . • 


Source:— « 

Calorific value of gas - 
Sensible beat of gas 

steam 

Latent lieat of stean\ ^ 

Calorific value of tar 

Sensible h(‘at of tar - ' ^ 

« 

I'ot.'il heat' - 

4 

Acituil tlienih'il cllidcncy of producer: 


C.H.U. 
9,140,000 
1 , 379 . 900 ' 
125,480 
219,500 

90 , 5 , 26 p 

21,050 



11,791.170 


ii,ygi,igo X 100 
IhOVx-l-l- 


— ^ 4 ‘77 P^' '‘‘'’P- 


t 


Sensible hral in gases entering Gaillard combuslion chambers: tem- 
perature, 150 C. \ 

Mean specific heat'of gases bct^\■ecn 0° and 150°;— 

CO -- 0-248 ; CH4 0*433 I = 0*207 ; H. = 3 ’ 45 ^ ■ 


N4 = 0*247. 

. C.H.U. 

CO - - 2,6cx) lb. X 150 X 0*248 - , - 9f>,()oo 

CH4 - - 51 lb. X 150 X 0*433 - - 3,310 

CO2 - - 334 lb. X 150 X 0*207 - ■ 10,370 

- - 61 lb. X 150 X 3*459 - - 31,650 

Nj - - 5,088 lb. X 150 X 0*247 • * 188,600 


330,530 

Sensible heat and latent heat in steam in gas at 150°, using the 
same method of calculation as on j.age 32, but the temperature of the 
steam being in this case 150° 

C.H.U. 


Sensible heat of water - 382 X 18 - - 6,880 

Latent heat of steam == 382 x 575 ■ . ‘ 219,500 

Superheat of steaip f 38'’-i5o°) = 382 x 112 x 
0*48 20,520 


246,^00 


‘Gas contains 55 lb. of carbon as tar 

5580*315x150. - - ■ - 2,700 

Calorific varCTe of tar : — 

^^-^.55 

12 


147 , 3 qP'. 
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Heat leaving producer. 

— 

Heat entering combustidh chambers. 

• 

Source. ^ 

C.H.U. 

Source. ^ 

C.H.U. 

f 

alorific v^ue yas - 
msible heat of fjas - 
jasible^eat of water^aiul 
steam. • 

• 

• 

9,140,000 

I > 379,^00 

•125480 

* 7 • 

C aJorific value of gas 
Sensible heat of gas - 
Sensible heat of water and 
Jiteam. 

9,140,000 

330.520 

27.400 

itenf heat in steam - 
insible heat of tar - 

219,500 

21,030 

Latent heat in steam • - 
^Sensible heat of tar - - | 

219.500 

2,700 

447.300 

alorific value of tar - 

1 

905,260 

Calorific value of tar • 1 


1 ii 79 M 7 o 

• 

i 

10,167,420 


C.H.r. 

I-(iss in line, 11,791,170 
10,1^17,420 


J'623,750 

i,62J,,750_x joo _ . 

11,791,170 , ~ '7 ^'enl. of heal leaving producers. 


Heat in tar at producers 
Heat in tar at Gaillards 


c.Hru. 

926,290 

450,000 


Loss througli deposition of tar - 476,290 

476,290 X 100 . 

1,623,750“ 


Loss in producer. 

C.H.U. 

Heat put into producers ... 13,923,400 
Heat leaving producers . ^. . . 11,791,170 


2,132,230 


2,132 ,2 30 X 1 00 

• J 3 , 92*3, 40^ 


= l^'3 per cent, of heat 


entering producers. 


t 

Total loss of heat in producer and flue. 

C.H.U. 

Hea,t put into “producer - - - • - 43,023.400 

HeaJ entering combustion chambers 10^167,420 

* • — — _«.* 

3,755.980 

- - *■ 
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_ 3i755'9§2J1-— - 

Loss in producer and flue = «i^2^,^oo 

— 2j’0 per cent, of heat entering pro- 
ducers. 


Part II. — Gaillard To,wers. 

Calculation of amount of air going into combustion chambers. 
(a) Necessary air — 

^650‘oo lb. CO. 

Consider the combustibles in onej 12*75 lb. CH4. 
tower - - - - 


\ 

Carbon monoxide — 

2CO - 1 - 0 , = 2CO,. 


1 15-35 lb. H, 
L 13-75 lb. C £ 


as tar. 


650*0 lb. of CO require 


irp ^50 X 32 _ 


5b 


= 372 lb. of oxygen. 


Methane- 


CH4 + 2O, = CO, + 2H,0. 

1 2*75 X 64 


12*75 lb. of CH4 require ^ 5i-“0 lb. of oxygen. 


Hydrogen- 


2H, + O, = 2 H, 0 . 


15*25 lb. of H, require = 122*00 lb. of oxygen. 


Carbon- 


<• C "b O, — CO,. 


13*75 lb. of C require ~ 3^ '^7 lb- 


Total oxygen required - - 58 ^ 'b? lb- 

This volume of oxygen is contained in — 

581*67 X 100 ,, , . 

= .^’505 lb. of air. 

2,505 lb. of'atmospheric air is accompanied by 26*7 lb. of ^jO.* 
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Burnt with just sufficient air, the products of combustion are as 
follows: — * • • • 


, Source. 

, • 

- • 

CO, 

lb. 

• 

N, 

lb. 

Combustion of 650*00 lb. C#)* - ^ ’ 

jj • it 42 75 CH4 - . - 

„ 15*25 Ifc.H - - 

.. » j. I 3 ‘ 75 lb. C -• •- 

In the gas - 

From Efficient air - - - - - j 

IjPJO'o — 

: ''35-I 28-7 

‘ - i 37'3 

50VS 

1 • « 3 ‘.s n.s'fi 

1 - : 3<''7 * 

* 1 I 

• 

Cl U-J 

! 1 M 


Totals 

3,197 lb. N. - - • . 

1,199 lb. CO2 - 

288-3 lb. HX) - 

Total volume 


Cub. ft. 
40,980 
9,760 
5.720 

56,460 


(b) Excess aiy — • 

Cub. ft. 

Volume of exit gases from Gaillard (average of 
readings taken by means of calibrated Pitot 
tubes, xylene being used in llie gauge) - • 124,400 


1,658 lb. of 11,0 are driven olT^ tlie ,'icid during 


v'oncentration, occupying (p. 39)* - - - 


32,810 

Between the tower and the exit, steam condensed 

- 

5.878 

(This steam appears in the acid from 

the 


recuperator.) 



Steam in exit from acid (32,810 — 5,878) - 

• • 

- 

26,932 

Product^ of combustion with sufficient air 

- 

56,460 

Steam froii/acid * - . ♦ - - ‘ - 

- 

2^,932 

Total 

\ 

• 

83,392 


124,400 — 83,390 - 41,010 cub. ft. excess air. 
This air is moist and consists of — , 

35-6 Jb. ofUjO and 3,26.^ lb. o*f,dry air. • 

§,i65 lb. of-i^ry air contain 
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Heat in air going into combustion chambers — 

Temperature, 20° C. 

Air/going into each combustion cliambcr — 

(2,505 + 3,265) lb. of air + (26‘7 + 35*6) lb. of HX). 

, 5>770 11). of air + 62*3 lb. of H, 0 . 

Sensible 'heat of g-ir at 2.0^ C. C.H.U. 

5,770x0-238x^0 - - - - 27,466 

Sensible heat in water vapour in air 

62*3 Ib. X 0-^53 X 20 -I ‘ - - 566 

Latent heat in steam '(partial pressure o‘5i inclieT^ 
of mercury) 

62-3 lb. X'589 36,700 

Total heat going in with air per townc - 64,732 
Per four lowers - - - - 258,928 


Heai going inL()\Ute LOccers from the comhiislion chambers, — 'I'he 
gases leaving one cohibuslion chamLu'r and entering the tower are 
as follows 


Source. 

CO, 

lb. 

lIjO 

N 2 

lb. 

0 , 

lb. 

i 

Combustion of CO in gas - 

n jj CH4 ' 

1,030-0 

35*1 

28-69 


— 

jj >» Ps n 


137 ‘3 


I 

n n tar >1 “ ■ ’ 

50’ 5 

— 

— 

— 

Contained in gas . - . - 

83-5 

956 

1,272 

— 

From sufficient air - 


26*7 

1.925 

— 

From excess of air 

' 

3.5 ’6 

2»512 

754 


Total gases leaving combustion chamber — 


Temperature, 1,000° C. 

Mean specific heat of gases between 0° and 1,000° C. 

COo = 279 ; HX) o-6i2 ; N, - 0*265 ; O, ~ 0*23 p 

C.H.U. 


CO2 - 1,199 T,CX)0 X 0-279 • 

H2O - 323’9 X 1,000 X 0*612 

^"2 " X 0*265 - 

O2 ■ 754 X 1,000 0-233 ■ 

Latent heat in steam in air 


T . • « • 2 IQ,S 00 

Latent, neat in steam lo gas -- 

Total, heat enteiing one tower 
Total heat entering four towers - 


■ 334.800 

- 198,300 

- r, 514, 000 

- 175.600 

36.700 

■ _ 

■ , 3 , 3 V> 27 o 

- '9,257,080 
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Loss in comb^slion chamber.^ 


SourtT. 


Hfat in Heat leaving 

comljustioii * rombustion 
cliainber. chamber. 


* 


Calorific value of gas 
Sen&\bl(' heat of^iis 
Sensible heat of steam • - 
Latent fi^at ^f steam 
Calorific value of tar 
Sensible heat of tar 
Total heat going in with air - 


• 

1 

4 C.H.n, 

1 C.H.U. 

1 9 , 140, (XX) 

— 

1 330^520 1 

9,257.080 

27,400 j 

— 

1 219,500 i 

1 — 

447.31X) 

—■ • 

, 2,7a) 

258,930 

Loss 1,169,270 

— 

10,426,350 

10,426,350 


. 1 , 169,270 X TCX) 

10,426,350 - = II -2 percent. 


T»tcal Jioat entering the towers from ('oniuustion 

chambers 

Heat introduced in feed acid : — 

Specific heat of 74^7 per cent. IJ,S04 = o’ 4 . 54 ' 
Feed acid 'contains 20,705 Jb. of SO, — 33,950 Ib^ 
of 74 "7 j)er cent, acid at 40° C. 

Sensible heat in feed acid, 33,950 X 40 x 0'454 


C.H.U. 

9,257,080 


615,480 


Total heat entering tower 


9,872,560 


Heat in gases leaving the towers. 

In addition to the gases which ent*er the tower, the following 
leave it : — 

600 lb. of H,SO, as 90 per cent, acid mist. 

1,658 lb. of H^O driven off the .acid. 

600 lb. of H^SO, as 90 per cent, acid is combined with 66 ’6 lb. of 
JJjO, making 666-6 lb. of 90 jrer cent, acid and leaving 1,591 *4 lb. of 
HjO free; for four ’towers this is equal 10^6,365-6 lb. of free HjO. 

Latent and sejjfiblc heal, in driven off acid. 

On page 37 the volume of exit gas from one Gaillard t’ower, 
togettier wkh the volume occupied by the steamawhich is; driven off 
the acid, are given as follows . 

, Feet. 

Volume of gas 124,400 

Volume of steSm ... - - 32,810 

The partial pressure of steam is-^ • . ^ 

. 12.4,400 ' ' • , 
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The boiling point of water and, its latent heat finder tjiis pressure 
are 66 *3° C. and 559 C.H.U. resp*ectively. 

Specific ‘heat of steam between 66° and 220° C = 0*496. 

C.H.U. 

Sensible heat of water from 40° to 66*3° C., ' 

6,365 ^ 26*3 167,400 

Latent heal of e^raporaftion, 6,365 X‘ 659 - - 3,558,000 

Superheat from 6^*3° to ’220° C., 6,361; x 
0*496 X 153*7 - - , 485,200 

. • , • 

,Total lieat in steam from acid ... 4,2*10,600 

« — — — • 

Mean specific heat of gases between 0° and 220° C. : — 

CO2 = 0*213, H^O = 0*486, Nj - 0*248, O2 *= o-2j 8. C.H.U. 
COj - 1,199 X 220*x 0*273 fioe gas - - 56,160 

HjO - 323*9 X 220 X 0*486 „ - . 34,600 

N. - 5,?h>8 X 220 X 0*248 „ - - ^11,200 

Oj - 7^ X 220 X 0*218 „ . - "36,160 

Latent heat in steam in air. Hue gas - - - , 36,700 

Latent heat in steam in gas „ - . . 54,870 

H2SO4, 666*6 lb. of 90 per cent, acid, 666*6 x 
220 X 0*38, acid mist - - - . . 55,740 

(Til is acid is considered as being carried over 
‘mechanically from the tower, and is not 

credited with latent heat.) 

Total heat, excluding heat in steam from 

acid, per lower 585,430 

Total, excluding heat in steam from ac’id, ^ 

per four towers ..... 2,341,720 
Heat in stoam from acid .... >4,210,600 

'I'otal heat leaving in gases ... 6,552,320 

The heat of concentration. 

Following the method used by Porter in “The Thermal Pro- 
perties of Sulphuric Acid and Oleum,’’ this figure is arrived at as 
follows : - - 

(" Concentrated* acid - 11*125 tons of 93*11 per cent. 
1 • H2SO,. ' 

'Data.{ P'eed acid - - 74*7 pei* cent. H^SO^. 

t j 2,400 Ifo. of H2SO4 as go per cent, acid are *caniie«i over 
V. from the tower as gicid mist. 

*. Feed = (11*125 tons of 93*11 per cent. H^SO, ’ 

-f 2,667 lb. of 90 per c^nt. H2SO4), as 74*7 per 
cent. H2SO4 — 34,260 lb. 

.•Temperature' of feed, acid ^t sprays - ■. 40° C. 
Temperature of concentrated acid leavipg » 

-t4wer * . < . 220° *C! 
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gaiLlard concentration plant. 

To fifld thegtotal heat of aoijoentration ; — 

93 ’II per cent, of HjS04 - = 76-oi^per ceat. of SO3, 

90’00 „ „ „ . =73-40* „ • 

• 74’70 » „ „ - =6i-oi „ 

r 

11-125 tons = 24,920 lb. . 

• * t • 7 • 

11,125 tops of acid containing 76TO1 per cent, of SO3 contain 
^18,^42 lb. of SO3. 

(i) 18,942 lb. of SO3 as 61 per cent. SO3 solution at 40° C.! 
concentrated to 76-01 per cent. SO3 at 220° *C. 


Faani Porter's tables: — 


(a) For I lb. of SO3 {firxi* method). 

Heat to concentrate from 6 j per cent-^o 76-01 
, per cent, at 40° C. (767- 504) 

Heat to raise temperature from 40° to 220° C. - 


C.H.U, 

236 

89 


352 

(b) For I lb. of SO, {second method). 

Heat to raise 61 per cent. SOj solution from 
40° to 220° C. 1^0 

Heal to concentrate from 61 per cent, to 76 01 
per cent, at 220 C. (799-571) ^ . 228 

368 


y\verage of two methods, 360 C.H.U. 

Heat required for 18,942 lb. = (18,942 x jlo) 6,819,120 C.H.U. 

(2) 2,400 lb. qtrper cent. H,S(), : - *1,960 lb. SO;.. 

1,960 lb. of ^3 as 61 per cent. SO3 scjlution at 40° C. to be 
oncentrated to 7^4 per cent. SO3 Solution at 220® C. 

• (g) For I lb. of SO, (first method). 

C.H.U. . 

*Heat to concentrate from 61 per cent, to 73-4 
per cent, at C. (767 - 547) ... 220 

He.art to raise temperature from 40° to *220°^.* - 96 
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(b) For I lb. of SO^ (second metfio^). 

C.H.U. 

Heat to raise 6i per cent. SO3 solution from 
40“ to 220° C. - - - - - - - 140 

Heat to (’f)n(entrate from ()t per cent, to 73 ’4 per 
cent, at 220° C.^ (799 — too)- - - - i<S9 

329 

Average of two methods, 323 C.H. I '. ' , 

Heat required for 1,940 lb. <rf SO^ 1,940 x 323 =; (>33,000 C.H.U, ' 

Heat of concentration = (i) 6,iSi9,i20 + (2) (>35,000 = 7,.^ 52,120 
C.H.U. ' 

The heat necessary to concentrate acid from 74^7 to 93 'i per 
cent, is thus found t(i amount to 7,452,120 C.H.U. per liour for the 
four towers, according to Porter’s tables. 

Heat in hot concentrated acid, temperature 220° : - - 
Sp. heat of 93 • II jrer cent. H3SO4 - 366 

11,125 tons 93 'll per cent. H3SO4 34,930 Ib. 

24,930 X 220 X • 366 .... 2,007,360 C.H.U. 

n 

The following figures given under “ Heat balance of four 
Gaillard towers” show the amount of heat entering and liow it is 
distributed. The amount expended in actual concentration will be 
represented by-- 

C.H.U. 

Heat left in the coiiceutrated acid - - 2,007,360" 

„ „ „ steam curried off - - 4,210,600 

„ „ „ acid mist .... 222,960 

6,440,920 

.\ny heat absorbed in dissociation of H2SO4 into SO3 and HjO 
should be added to the above figures, but there js no evidence that 
SOj 3s such left the tower, as the acid ihist was iccovered as 90 per 
cent. H,S04 immediately after leaving the lower. 

(1 4. O' 

Consequently, 6,440,920 C.H.y.. represent the amount of heat 
required to concentrate the acid according to measuremen's which 
were actually carried out, whereas 7,452,120 C.H.U. represented the 
amount of heat require^, according to Porte/s tables. 

It will he kiteresting to «ee if future measuremente of the dis- 
tribution of he£it in concentrating sulphuric acid slip'w closer agreement 
with the .amount found bvt tin? tables. 



GAILKARD CONCENTRATION* PLAINT. 


43 ' 


tkat Balance of Sony Gaillard Towers, 

The following heat balance is compiled from the ifieasurements 
actually made : — • 


•Heat entering four 
towers (source). 

' C.H.li. 

Distribution of heat (source). ‘ 

• A 

• 

j Per cent. 

• 

In furnace gAses • - 

In feed acid 

% 

9,257,080 
• 6 i 5 . 4 «ci 

ft 

IJeat in concentrated 
, acid. 

Heat in steam • - 
„ acid mist 

„ due gas - ^ - 

Radiation and dissocia- 
tion. 

2,007,360 

i 4,210,600 
22:^960 
2,118,760 
1,312,880 

1 

: 20‘J 

42 '6 
2'3 
2 i '5 
i 3'3 

Total 

9 , 872 , 5 (,o 

Total 

i 

9.^72, 

1 

100 '0 


A check on the consuniptioii of gas, includi^ tar, is provided by 
the percentages of C(X in the final exit gases.'^ 

Volume of exit gases i)er tower - 124,400 cub. ft. 

Average CtX content in exit gases- 7’S per cent. 

Volume of COoJn exit gases - - 4,703 cub. ft. (l), 

CO, from combifstion of i-alculated weight of gas [ler tower; — 
1,030-0 lb. of CO2 from - - 655-45 lb. of CO. 

35-1 lb. of CO, from - - 12-75 lb. of Cl^. 

83-5 lb. of CO2 present in 
gas. 

50-4 lb. of CO, from - - 13-75 C. as tar. 

Total - 1,199-0 l b. of CO2 - - - 9,740 cub. ft. of CO^ (2). 

37 cub. ft. of CO_. are produced by the combustion of 108 cub. ft. 

of gas. 

C.H.II. 

Caloritu’ value ol 108 cub. ft. of gas (including 

tar) * - ajiprox. 9,180 

Sensible of io8*cub. ft. wf gas (influding 
tarl 1,700* 

10,880 

Heat' going into one tower from combustion chamber 

M49..I.60 ^ 2,312,290 C.H.U. ^ 

4 * ' • t • 

Maximum error in the diTferem^e between tlie amount of gas 
cale^ateS deliver^jj:! to the tower ajid .the amount of ^as calculated 

0 1145.'5 
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as being burnt in the <-orabustion ^chjimber from th^ percentage CO^ in 
.the exit gases is onJ}f 

*10, 88 0 X 10 0 = o ’47 per cent. 

2,312,290 

Heat in gases ^oitfg into the recuperators. 

Temperature, 210° C. , ♦•x- i. xi. 

The gases are taken to be of the same composition as 4 hose 

leaving the tower, but at, 210° C. inst4ad*of 220 C., one reouperator 
alone is considered. * 

Mean specific heat pf gases between 0° and 210° C . 

CO, = 0-212, H ,0 = 0-484, N, - 0-248, 0 , = 0-218. 


" C.H.U. 

CO2 - 1,199 X 2x0 X 0-212 - - - * - 33>38o 

H^O - 523’9X 210 X 0-484' .... 32,930 

K X 2X0 X 0 -248 .... 29^,200 

0," - '7k , X 210 X 0-2i8 .... 34,500 

Latent heat in steam in air ^,700 

Latent heat in steam in gas 54,^7^ 

H_,S04, 666-6 lb. of 90 per cent, acid : 

666-6 X 210 X 0-38 53,200 

Total heat, excluding heat in steam from acid, 

^ per tower 562,780 

Total heal, excluding heat in steam from acid, 

per four towers 2,251,120 

Heat in steam from acid ..... 4,179,400 

Total heal entering recuperators .... 6,430,520 


Loss in main to recuperators. 

Heat in gases leaving towers - ... - 6,552,320 

Heat in gases entering recuperators ... 6,430,520 

• I L- 


Loss in main - 


121,800 


X 100 per cent. 
6,552,320 


Up to the present, steam in tfie gases from four different sources 
has been considered, viz. : — 

<•(1) Steam in the gas (driven off the coal in the producer). 

(2) , Steam^in tfie air drawn into the combustion chambers. 

(3) Steam ,due to combustion of H, and CH4 in the gas. . 

(4) ^ Steam 'driven off ,the*acid in the process of concenfrdtion. 
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These ^amoun|^ of steam hav^ been formed at different temperatures 
and consequently contain different amounts of latent heat. In the 
recuperator, scrubber and fan various quantities oJwater*are deposited 
and in order to deduct the correct amount of heat, it is* necessary to 
obtain an average value for the latent heat of the whole of the steam 
present. 


(1) *,Steg,m iu me gas, 302-2 id. ; (jatent neat 

(2) Steam in air to combustion chambers, 251 lb. ; 

^ - latent heat, 35,70b x 4 - 

(3) Steam in the gas as product of combustion, 

664 lb. ; the gross calorific value gf the gas has 
been taken and this steam therefore cannot be 
^ . credited with latent heat. 

(4) SteAm driven off the acid, 6,365-6 lb.; latent 

heat 

Total, 7,662 lb. of steam contaijiing latent 
heat - - - . y. . 


C.H.U. 

219,500 

146,800 


3,558,000 

3.924,300 


Then i lb. of steam contains latent heat ^>924, 300 _ 

7,662-8 ^ 

All the steam from, now onwards will be taken as having a latent 
heat of 514 C.H.U.^ jier lb. 


The dixtrihulidii oj the H2S0^ and II/) leaving the lower. 

Leaving one tower in the exit gases are 600 lb. of H,SO. and 
1,982 lb. of H,0. 

The 1,982 lb. of H^O in the exit gases are derived from — 

1,658 lb. of II2O from the acid. 

• 324 lb. of H2O from the combustion chamber. 

6(k> lb. of II2SO4 as 90 per cent, acid is combined with 66-6 lb. 
of Iip. 

These amounts of H2SO4 and ILO are distributed through the 
scrubbing system, &c., as follows : — 

Recovered in recuperator - 252 lb. of H^vSO^ - q8 lb. of HjO. 

„ „ .scrubber - 271. „ „ - r8) „ „ „ 

„ „ fan - - II „ - 17 

Lost in exit - . - 66 „ „ „ - 1,686 „ „ „ 

• 

Heat in gases leaving hite recuperators. 

Teniperbturc, 140° C. 

Consider one recuperator : the^ases leaving are — 

1,199 ib. of CO2 
5,708 „ „ N2 
754 » ’> . 

(600 — 2^) -— 348 lb. of H2SO4 as 7t per cent. acW (assiJming the 
aci^^o be jn equilibrium with the acid in tlie recuperator) (1,982 — g8) 
= 1,884 lb. of Hp. • 
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\ 

The 348 lb. of H3SO4 being prejeqt as 72 per cent; acid are combined 
with 135 Ib.^ of HjO. 

Steam present as free H^O = (1,884 “ ^ 35 ) = ^>749 
(348 + 135) = 483 lb. of 72 per cent. H,S04. 

Mean specjfic heat of gases between 0° and 140° C. 


0*206, Nj = 

= o;247, Q, = 0*217, = o' 

’ 473 - 

C.H.U. 

CO, - - 

1,199 X'140 X 0*206 


34,600 

N, - - 

5,708 X 140 X o*,247 

- 

19^500 

0, - 

75!|. X.140 X 0*217 

. < 

22,900 

rtaO- - 

1,749 X 140 X 0*473 

- 

115,600 

Latent heal 

; . . . 1,749 X 514 - - 

- 

899,000 

H,SO, - 

483 lb. of 72 per cent, acid of 

specific. 



heal 0*473 . . . 483 X 140 X 0*473 
< 

32,000 

'I'otal ln^at leaving one recuperator - 

- 

1,301,600 

Total heal leaving four recuperators 

- 

5,206,400 

Total heat entering recuperators 

- - , 

*6,430,520 

Heat to be accounted for 


1,224,120 


.4cid passed Lhrough one recuperator. 

This quantity is 2*9 tons of 72 per cent. H,S04 of 
specific heat 0^473 (p. 28). 

Temperature of acid entering — 45° C. 

Temperature of acid leaving = 120° C. 

. • . Heat put into acid = 2’9 x 2,240 x 75 X 0*473 — 

230,400. 

For four recuperators, 230,400 x 4 - - - 921,600 


Loss in recuperator 


302,520 


302o20_X ITO 

”’6,4307520 


4*7 per cent, of the heat entering* the recuperators. 


lleaf in acid leaving recuperators. 

la) Sensible heat in feed acid ;t (b) heat added in recuperator. 

(a) 2*9 X 2,240 X 45 X 0*473 =-- 138,400. 

For four recuperators . . . 138,400 x 4 - - 553,6od 

fb) HeatSddediij four recuperators - - - - 921,609 

■* . * . ' „ • • * ' 
Heat ifl acid iea\ ing recuperators 


f 1,47-5.200 
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Heat ip gasesfieaving scrubber^. ^ 

Temperature, 98° C. 

Consider one scrubber ; gases, Ac., leaving are— - 
1,199 of SO,. 

,5.708 „ „ N, 

754 » ». ^2- ij 

(34® ~ 271) = ^7 ». HjSO^ as 60 per cent arid. 

ri,884 - 181) = 1,703 „ ., HA 

77 lb. of HjS 04, being present as ()0 per cent, acid, is combined 
with 51 '3 lb. of H/.), making i28’3 lb. of 60 per rent, acid and leaving 
(1.703 — .51 ■ 1,631 '7 ll>. of free H,(). 


C.H.Ll. 

23,750 

137,600 

15,960 

75,500 

850,000 

6,780 


1,109,590 

4,438,360 

5,206,400 


768,040 


452 lb. of 60 per rent, .acid, 452 x 90 X 0*54 = 21,980. 

For 4 scrubbers ^ - • 87,920 


Loss in scrubbers 680,120 


Loss = T’^*' <’«d.,of t'lie li^al eiftering the 

scrubbers* 


Mean specific heat of gases*l)etueen 0“ and 98“ C. — 

CO; ~ o'202, Nj = o‘24(>, O; — 0‘2if,, 0*466. 

CO2 - - 1,199 X 98 X 0*202 - . . - 

*N.. - - 5,708 X 98 , ; 0*246 - . . . 

O, - - 754 >■ 98 X 0*2 i 6 - . - - 

H ,0 - - *1,652 \ 98 X 0*466 - - - - 

Latent he^ft 1,652 x 514 - . - . - 

HvSO^ . . . 128*3 11^* 60 per cent, acid of specific 

heat 0*54 . . . 128 x 98 x 0*54 

Total heat leaving one scrubber ... 
otal heat leaving hnir scrubbe^rs ... 
otal heat entering scrubber . . . - 

Heat to be accounted for .... 


Heat in acid letuving scrubber, 

I 

Terapenitur(^o° C. , 
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Heat leaving in exit. ^ ^ 

Consider,one exit : gases, &c., leaving are 
1,199 

5,708 „ N,. 

. 754 i> 

(77— ii) = 66 H2S64 as 40 .per ceiit. acid. 

(1,703 -17)-= 1,686 „ Hjb. 

if 

66 lb. of H2SO4 as 40 per cent, acid are combined with 99 lb. of 
HjO, making 165 lb. of 40 per cent. H,S04 ^md leaving (1,686 — 99) 
-'1,587-616. of free HA 

Mean specific heat of gases between 0° and 80° C. 

CO, — 0-201, Nj — 0-245, O2— 0-215, HjO — 0-463. 


COj: 1,199 X 80 X 0-201 - 

19,290 

N^: 5,708 X 81 X 0-245 

111,900 

0 , : 754 X 80 X 0-215 

12,970 

HjO : 1,587 X 80 X 0-463 - 

58,800 

Latent heat ; 1,587 x 514 - 

816,000 

H2SO4 : 165 lb. of 40 per cent, acid — 


±65 X 80 X 0-67 - - . . 

8,840 

Total heat in gas leaving one exit 

- 1,027,800 

Total heat in gas leaving four exits 

- 4,111,200 

Heat leaving four scrubbers - 

- 4.438,360 

Heat to be accounted for 

- 327,160 


Heat in acid thrown out by fan. 

Temperature, 85° C. 

28 lb. of 40 per cen^. acid of specific heal 0 - 67. 

28 X 85 X 0-67 (from one exit) 1,595 

(from four exits) - - - 6,^80 

Loss between scrubbertand exit - - 320,780 


320,780x100 ^ , 

Loss= — = 7*2 per cent, of the heat leaving the 


scrubber. ‘‘ 


4,4385260 
Heat leaving in e^its 


: 4,iii,2C0 
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Heat losses incurred at the diger(nt stages. 

C.H.U. . 

• 

At the producer 2,132,230 

•In tl]ie main flue i, 623, ’750 

In the comfeustion chamber * - 1,16^270 

In the hot con«entraled acid * - * . 2,007,360 

ip dissociation in tower ) ^ 

In radiation from tower ) ' " • ' i>3i2,ooo 

In,gas main to recuperator . , - •* - 121,800 

In acid from recuperator - , - 1,475,200* 

In radiation from recuperator - -• 502,520 

In acid from scrubber - - I . ' 87,()20 

In ri^diation from scxubbcr - - . 680,120 

In radiation between scrubber and 
exit - - - . . 520,780 

In final exit 4,111,200 

15,345.030 

The total heal put into the system is:— 

Heat put into producer . . - 13,923,440 

Heal in air to Combustion chambers - 258,928 

Heat in original feed acid - - 615,480 , 

Heat in acid from recuperator - - 553,600 

15,351.448 

Some Notes on the Mechanism of Concentration. 

The following tests and considerations help to give a clearer 
idea of what occurs during the concentration process by the Gaillard 
system. 

An analysis of an acid drip from the waste gas outlet neck on 
No. 2 tower of the Grelna plant showed the sample to be remarkably 
strong, and only i per cent, lower in H2SO4 content than the acid 
entering the sludge •box. The laboratory figures were as follows : — 

Sp. Gr. • ^ V H2SO4. 

1*836 - - - - 93*1 per cent. 

A san^le ofihe feed acid to the tower was taken at Uie same lime from 
the sprays, and the analysis foun^ to be: — 

Sp. Gr. H,SO,. 

I ‘699 76*7 per cent. 

No. 2 tower on the above date was fitted with a 2i-inch Kestner 
fan running af 1,200 r.p.m., and the tempejpture of tfie gaseS in the 
towel* 011*19^ as recorded by pyrometer wa.s 215® C. From the above 
it is evident tliat a'remarkably strong’acid leavcss the tt:,w«r^y liie 
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fume outlet on its way to the recuperator. It is r^narkable that in 
spite of the close proximity of weak acid, in the form of spray, to the 
point at whi^th the sample of “ drip ” acid was taken, that the latter 
should have such a high H^SO, content. 'Phis peculiarity was con- 
firmed by taking samples of similar leaks on other towers, the 
particulars of rv^liich are recgrded in Table I. • 

The results tabulated'are not quite f^o outstanding as in the case 
of No. 2 tower, xlu'. only one gunning with a 21-inch fpn, all others 
being jirovided with i6-iucli, but, neverUieless, sullicient in themselves 
to indicate the least expected conditions at 'such a ])oint in tlie'system. 
It is most unlikely that, from a chemiaal point of view, the acid falling 
down the tower is diss(vdated into SO, and H/), the SO, passing up 
the tower and later jiicking up a little HjO to make a strong acid ; 
and still more unlikely from a mechanical laoint of view^that some of 
the concentrated drops should jouriuy upwards, by reason of draught, 
in cimiplete isolation through drops <rf weaker acid. It would seem 
that the only fpc'isihle explanation is that sulphuric acid of, say, 75 per 
cent, strength, when *spraycd into an atmospliere at the temperatures 
recorded above is almost instantaneously concentrated to the region 
of 90 per cent., in sjiite of that atmosphere containing water vapour 
which must necessarily be fairly large in quantity in the vicinity of 
the sprays. The water driven off from the weak acid will remain 
in the form of water vapour and the conceniration of the acid be 
maintained so long as the temjierature is sufficient')' high to overcome 
the affinity ‘of the acid for the water. The above indicates the ground 
on which the acfid mist referred to on page 39 is taken as 90 per 
cept. sulphuric acid, 'fhe water content and the temperature of the 
atmosphere, combined with the fineness of the spray, are the three 
factors whiedi control the degree and rapidity of this concentration. 
The moment the temperature is lowered beyond the requisite degree 
at the existing vapour pressure of the acid, the water is reabsorbed 
and weaker ac id results. 'I'his is precisel)- wliat occurs in the recuper- 
ator, and no matter how the recuperator is controlled, an acid leaving 
it stronger than that in the vicinity of the sprays cannot be obtained 
under present working conditions. 

Strength of the Acid entering the Recnpeiator.— During a period when 
this plant was producing 90 per cent. H^SO,, the temperature required 
at the top of the tower beihg so low (180 190° C.) rendered it possible 
to run the recuiierator without feed from external ssyrees to cool down 
the gases before entering the scrubber. Tabledl. shows figures obtained. 
Here it will be seen that the acid drawn over from the tower been 
reduced in strength to a figure very little below that of the feed acid 
to the’ tower itself. The figures show slight lagging due to the amount 
of acid required to fill the saucer. The samples were taken at the 
overflow lip of the saucier. The table shows, however, that the higher 
the outlet telmperatUre of the gases, the higher the H2S04 content of 
the acidTunnini^ from thq recuperator. The figures represent fairly 
well the typR ipf -<icid trapped in the recuperator under ,ordin&ry 
working conditions with eutefnal feed. 
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Experiments qp the Recuperator ^ an “ Acid Catcher.”— Experiments 
were carrfed out to ascertain life amount of acid which was drawn 
over from the lower and trapped in the recuperator b)',taking stock 
in the recujjerator system before and after eacJi experiment. These 
were c(inducted wlieii tiu' concentration was increased from 90 per 
ce'iit. to 92 per cent.»froiu the towers. Partifulars of ^tl/fcse experiments 

are given in Table 111, 

• 

Jftake* of ^Acid in Scrubber.— Wliilsi^ enrrying out tlie experiments 
record^tl in 'i'al)le JII. ll« clnioiinl of strubher acid collected was 
recorded a1 the same time and Ihf' lesiills obtained tjre shown in^ 
Table IV. 'J'hcse two tables ( 111 . and IV.) sl^ow the amount of acid 
drawn over from the tower to be fairly considerable, not taking into 
acc'ount the amount of mist jKissing into the air up the exit sta('k. 

A porti>)n of the \\at(‘r removc'cl from the acid in the lower is 
again reabsoiix^d, as will b(' sgen from 'Fable VI. 'Fhe latter shows 
the increased amount of water n^absorbed wlien the plant is running 
on a small outi)iit, which is explained by the fac^ that the heat units 
passing from tlu' to\\(‘r in such a case are iiisuHicieiit to c'arry the 
water, in llie lorm of xapour, over the large surfaces to which the 
gases are unavoidably exp(jsed. 

Deductions as to the, nature of the Gases. -It may be safely assumed 
that in the gases leaving the tower at the outlet numberless spheroids 
of relativel}' strong^ ac'id are suspended in the atmosphere of super- 
heated steam diluted with waste gases (CCX, &c.) from the furnace, 
plus excess air. As previously stated, tlie idea of free SOj being present 
as a gas at this point is most unlikely, nor is it any more likely that 
the spheroids are of varying strengtli at steady and existing tempera- 
tures, &c., bec'ause the figures obtained sliow a sliarp and distinct 
relationship between the gravity of the^ tower outlet drip and the 
temperatures. FIk' only conclusion, Iherelorc, is that each and all 
the spheroids are approximately of the same content. If any- 

thing, the drip shows a slighth’ lower concentration than that occurring 
actually in the centre of the gas flow, due to the fall in temperature on 
the walls of the outlet pipe. Local and slight differences no doubt 
occur in the concentration of the solid bodies of the mist,’ due to eddies 
causing pockets of •colder gas. * 

It is clear that these suspended globules or spheroids of sulphuric 
acid absorb water, ajad so become weaker as the temperature is lowered. 
A very casual inspection of the experiments on the “dry’ recuperator 
shows this,iLnd also the fact that it is impossible to Jeed the recuperator 
withVM and run it off at a concentration equal to that of the drip, 
and, finally, that water is reabsorbed to the degree shown in Table VL 
As the gases pass on through the recuperator to the scrubber and thus 
become still cooler, it -is found that those spheroids which escaped 
being trapped absorb more water fr<jm their at^ospheie, when the 
scrubber arrosts some of them, and yields an Acid weaker lhan thal 
loavkig^the recuperator. "Fhis absorption of water ('ontinues in a 
similar banner throughout the system until the ^escape ga^ from 
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the plant into the air, where a\ mist consisting of homogeneous 
spheroids, and not an odd few strongly acid amSng weaker acid 
spheroids, is obtained- What is wanted is a more rapid elimination 
of these sphefroids from their atmosphere. The spheroids, when ex- 
posed to surface friction, are de-electrified by reason of neutrg,lization 
of charges and lose their individuality. The tower, outlet pipe on this 
plant accounts for'most of fhe acid collecl^d in the recuperator rather 
than the recuperator itself. ' 


Table I. • 


Date. 

Tower. 

( 

Temperature 
* of tower 

1 outlet ‘'C. 

Sp. gr. of 
spray 
feed. 

Per cent. 

n,so4. 

Sp. gr. of 
outlet drip. 

Per cent. 

H,S04. 

20/6/17 “ 

6 

215 

1-69^ 

76-7 

Z 

1*807 

87*8 



217 

I ■ 670 

74' 7 

1*808 

87-9 



218 

1-668 

745 

1-808 

87-9 



214 


76-7 

1-805 

87-7 



204 

I * 667 

74*4 

I' 794 

86*2 

25/6/17 - 


207 

1 *670 

74*7 

1-798 

t, 86 - 7 , 

6 

210 

I *660 

73 ‘S 

1-811 

88-4 



210 

1*662 

7 .rK 

I *806 

87-7 



205 

1-665 

74*2 

I ‘800 

86*9 



210 

1*641 

72 **2 

1-803 

87*2 



210 

I *648 

72*8 , 

1 *804 

87*4 



204 

1 * 662 

I 73’8 

1*799 , 

86*8 

27/6/17 - 


216 

1*678 

j 75’3 

1*818 ; 

89*8 

6 

215 

1 *696 

76'9 

1 1*810 1 

88*2 


5 

209 

1-694 

76’7 

i’ 8 o 5 I 

87*5 

29/6/17 - 

5 

218 

1*701 

77’2 i 

1-807 1 

87*8 

6 

207 

1*672 

74-7 1 

1-796 ! 

86*4 



212 

1-690 

76-3 

1-815 ! 

89*1 



1^7 

I * 694 ! 

76-7 

1-812 1 

. 88*5 



193 

1 *6&) 1 

738 

1 -800 ; 

86*9 



207 

1*682 

75 5 

1-813 

88*7 


The above percentages of H2SO4 are taken from Lunge’s gravity 
tables, and are considered sufficiently accurate for the purpose. 


Table II. 


Experimetits on ^^Dry" Recuperator. 


Date. 

c 

Temperature 

c — 

Sp. gr. of 

Per cent.* 

S. 

Sp. gr. of 

Per cent. 

of recuperator 
outle\ °C. 

acid leaving. 

H,SCV 

spray feed. 


19/6/17 ■ 

145 

1*672 

747 


00 

0 


147 

I *710 

i 78-1 • 

I -710 


1^6 i 
140 , 

1*729 

1*751 

79-8 

79-9 

1-718 , 

78-a 


i • 136 
. 143 

. I -<553 

I '689 

734 

76-3 

.1-684 

c *75-6 ^ 


14a. .1 

1 ciJo 5 

776 

t 
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Date. 

Temperature 
of recuperator 
outlet °C. 

, f 

Sp. gr. of 
acid leaving. 

Per cent. 
H.SO^. 

1 

Sp. gr. of 
sfray feed. • 

• 

Per cent. 
HgSO^. 

19/6A7 -■ - 

144 

1*700 

77 * 2 . 

1-694 

76-3 


h 5 

1-706 


• 



H 7 • 

1I702 

77 * 3 * 

I *670 

74*7 



i '745 

81 * 1 




138 

1*744 

*81 0 

1*684 

75*5 


136 

• I *743 

80 ‘Q 




145 

1*743 

• 8o‘q 




145 

1*744 

81*0 

0 



H 7 

1*744 

8i’o • 




148 

1*743 

8o*9 

1-694 

76*7 


148 

1*748 

8i*4 



148 

1*748 

81 *4 




142 

1*749 

• 

81-5 

1*670 

74*7 


All the percentages of H^S04 recorded abcAe are taken from 
Lunge’s gravity tables, and considered sufficiently accurate for the 
purpose. 


Table III 


Make of Acid in Recuperators {Towers producing 92 per cent. 
, Sulphuric Acid). 


Date and I'ime. 

Stock in recuperator system in tons 

of HjSO*. ! 

Production 
j on towers in 
tons of 
H,SO,, 

Percentage 
recovered in 

1 

Before. 

After. 

Make. 

recuperator. 

24 hours ending : — 

29/6/17, 2.15 p.ni. - 

1 

26-5 

37*4 

• 

10*9 

199*0 

5*5 

4/7/17, 11.0 p.m. - 

iq*6 

27*9 

«*3 

143*1 

5 *« 

9/7/17. 4 - 1.5 P-m- ■ 

20*2 

26*9 

67 

149*3 

4*5 

16/7/17, 11.15 p.m. 

ig *7 

30*7 

11 0 

180*2 

6*1 


. Table 1 V% 

Scrubber Acid make {Towers producing 92 per cent, H^S(\), 


! 

1 ColTected in 

4)at%and*I'inie. scrubber 

tanks. 

1 

a 

Sp. gr. of i Production 
acid 1 

collected. , 

1 

Hecovery as 
• scrubber 
acid in tons 
oflljvSO,. 

Percentagn 
•recovered in 
scrubbers. 

24 hours ending : — 

29/6/17, 2.15 p.in. 

4/7/17, II. 0 p^m. - 

9/7/17. 4-15 P-m. 

i*/ 7A7. V-i5 P-m- 

. • 1 

• 

7*9 

9*1 

9*3 

6*3 

1*630 

I •631*, 

I 624 
1-633^ 

199P0 , 

143' > 
•1493 

i8o’2 

• • 

- 5'(>3 
^37 
0-56 

4 ’ .51 

• 



• 

2*8 
• 4*5 

4*4 

2*5 

% 
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Shmoir.g Total Acid trapped by Recuperator and Scrubbers. 


Date and TfTrie. 

Production 
from towers 
in tons of 
HlSC\. 

'I'ons HjS()4 trapped by 

'I'olal. 

Percentage 

Ueru|jcrnt'^. 

' Srn\bbcr. 

on 

l^roduction. 

24 hours Piuliufj : - 

V 


f 

- 

f 

/ ^ 

29/6/17, 2.15 p.ni. 

199-0^ 

lO'lJ 


16 '51 

8-3 

4/7/17, 11. op.m. 

143*1 

8-3 

'■■4 

H ’7 

10-3 

9/7/17. 4-15 P-m- 

H 9*3 , 


1 6'6 

133 

1 9'9 

16/7/17, 11.15 p.m. 

i8o'2 

1 

' II 0 

4'.5 

15*5 

/ 

1 8-6 


Table 17 . 

Shoiving the Amoiiin of Water charged to the Tower and reabsorbed in 
the Recuperator and Scrubber. 


Date and Time. 

Sulphuric acid 
c harged to 
towers in tons 
of H2SO4, 
Equivalent 
fc^d at 

75 per cent. 
H^04. 

Weak 

sulphuric acid 
trapped in 
recuperator. 

£d 

Ch 

Weak 

sulphuric acid 
trapped in 
scrubber. 

u 

c. ^ X 

• 

Water 

expelled from 
towers. 

Water 

reabsorbed ■* 
in recuperator 
and scrubber. 

Percentage oj 
water 

reabsorl^ed. 

24 hours ending : — 

Tons. 

1 Ton.*.. 

74-6 

'rons. 


1 ‘ons. j Tons. 


39/6/17, 2,15 pm. 

]9qo 2653 

14 (. 

7’9 

' 71 ‘.3 

1 

50-6 I 3 - 54 - 3-3 
■'- 5'8 

”•5 

4/7/17, n. op.m. 

143'! it )0 8 1 II' 1 

740 

9 ’i 

713 

35*8 2 - 8 + 2‘7 

I 5'4 

9 / 7 /> 7 . ‘t-iaP-m- 

, 149*3 iqq‘l 

8'9 

7 5 

9-3 


j 36'1 2'2 + 2-7 

13-6 

16/7/17, 11.15 p.ni. 

' 180' 2 240*1 

i 4 *() 

75 ' i 

1 .1 

7 >'*l 

.^*4 3 ’ 6 + t 8 , i 2'2 

f 3 ‘4 I 
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SECTION 2. 


GILCHRIST CONCENTBATION PLANT. « 

General Onfline ol ^Plant^^'he tiilcluisrt conceiltratiou plant at 

g ueen’s I'erny was fed exclusively with weak sulphuric acid recovered 
on\ the* denitratcd spent acids resulting from the nitration of 
cellulose. » , 

Figs. i*j and iS show tlie general iJrrangeinent of the j)laut, which^ 
consists of a combustion chamber, saturex, copier, tower, feed tank to 
tow'er, scrubber or filter tower, feed tank to scrubber, and fan which 
draws the gases through the plant and delivers them into the flue 
whence they are aspirated through a Cottrell precipitator, and thence 
discharged through the stack yito the atmosphere. 

Each tower is fed from an overhead lead-lined feed tank, lo feet by 
15 feet by 4 feet 6 inches, into w'hich the acid is ^raised, through a lift 
of 73^ feet, eitlier bv four Kestner elevators, each capable of raising 
three tons per hour,' or by one of tliree 2-inch belt-driven Douglas 
pumps, "'riie acid is fed by syphon feed from these tanks to three 
distributing launders running across the top of the tower. Ihe acid 
overflow's from eight Ups on each side of these into lead funnels 
leading down to the lutes in the lead cover. 

At the time w’lien the production of nitrocellulose c'Based, two 
special i2-inch impeller Hoes Rolurbo pumps were being installed lo 
deliver the feed acid direct from the lead vats to the feed tanks at the 
top of the low'ers. 

The acid is concentrated as it flows through the packing of the 
tower and delivers into a pan or saturex, where further concentration 
is effected finalh' being delivered through coolers to the storage tanks 
as concentrated acid. The gasc^s are led from the main tower through 
a quartz packed scrubber to a 21-inch Kestner fan, and thence to the 

stack. 

fippunity of Plant.— Two independent units were installed, each 
capable of concentrating 70 short tons of 93 '5 per cent, sulphuric ac|d . 
from 6 V 5 per c('iil.,acid, or 35 short Icps of 97 per cent, sulphuric and 
from 6V5 per cent, acid, using, in both cafes, 162,000,000 B.T.U. per 
24 hours, or appro.ximately 1,000,000 cubic fe%t of producer gas. 

P nimniw — Tliis consisls of a firebrick structure, sheathed in sfeel. 
The cas is h-d from the main producer flues to the/urnace by two gas 
flues 2 feet by ^ feet, c-ontrolled bv valves, and enters the combustion 
chamber through any of the four 6-inch by 12-inch gas ports, 
expanding to 12 inches by 18 inches after adini.xture with the pri maty 
air The admittance of the air for combustion is controlled by mush- 

* The patefit rights of this plant are controll^ by The Chemical Construction 
C« ©lia^Ue, N.C„ U.S..\. ; the representatives in Britain are Messrs. Huntington 

and Hebetlein’ West’miiiter. 
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room 2:)orts at the front of the l^irnace. The conj^bustion chamber, 
whicli measures 8 feet by ii feet by 5 feet 3 inches, arfd which is 
surmounted Jjy a false arch, over which the secondary air is admitted, 
is fitted with tlio necessary explosion doors and sight holes. 

Th(i products of combustion enter an 8 ft. X 4 ft. 6 ins. X ii ft. 
u[)cast which is filled with chequer brickwork, and are delivered to 
the saturex by a* cross cdimecting flue yieasujing 4 ft. 6 ins. X 5 ft. 

Saturex. -The inside dimensions of this are 37 ft. 7^- iifk long X^ 9 ft. 
wide, the whole structure being raised oij. a concrete foundatpn 9 ft. 
above ground level so as 1?o give the necessary gravity flofv to coolers 
• and tanks. •The concrete is protected by 6-lb. sheet lead. 

The saturex consists of a pan 18 inches deep, of 20-lb. lead, which 
is lined with three layers of 2-inch acid-proof tiles set in silicate cement. 
The firebrick arc-h to tlie saturex is fitted with four bailie arches, which 
deflect the hot gases from the furnace on to the surface of the acid. 
The whole structure is bound with ‘the necessary l)uck stays, the 
brickwork containing cavities to take up expansion. The sludging 
outlets and run-off are fixed so that a depth of 7 inches of acid 
remains in the saturex. 

A certain amount of circulation of the acid in the j^atureA is 
secured by two 28-feet silicon-iron spigot and socket i)ipes, connected to 
the comiiressed air main, and having jj-inch perforations at distances of 
6 inches. 

The concentrated acid overflows from the saturex into a brick-lincd 
collecting launder, from which it delivers to any of live lead coolers 
through a silicon-iron run-off pii)e. 

Coolers.— The acid leaves the saturex at a temperature of 250° C., 
and each cooler is ca})able of cooling 100 tons per day from this 
temperature down to 35° C. Each cooler is made of 1 6-lb. lead, and 
is 3 feet 5 inches in diameter by 4 feet 4J inches deep, fitted with a 
water-jacket for the toj) .30 inches. There are three cooling coils of 
i^-inch lead pipe, (’onsisting of 14 turns each, 15, 22, and 29 inches in 
diameter respectively. 

Main Towcr.- The base of the main tower rests in the same lead pan 
as the saturex, and is ii feet square (inside measurement) and 47 feet 
3 inches high. The base is lined with acid-proof tiles, as in the case of 
the saturex, the j)acking o^f the tower resting on seven arches which are 
sprung from the sides qf the tower. I'he tower is built of acid-proof 
bricks set in spec'ial American cAnent, the walls being i foot 6 inches 
thick, with a 42-inch inner wall lined with acid-resisting tiles extending 
to a height of 14 feet. The walls are bonded every 4 feet verticalfy and 
horizontally, and the tower is tied by rods and corner angles every 
3 feet of its entire height. 

The tower packing is arranged as follows^: — 

(a) 14 feet of^'hequer brickwork (3- inch spaces). 

(6^ 7 feet, 10 inches of chfequer brickwork (2-inch spaces). 

(c) 10 feet of 4-inch quartz. 

(d) ^ 4 feet 3 inches of^3.vich pottery rings. 
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The gases psiss from the tpw^^r into the scrubber by a 36-inch 
off-take of 12-II). lead slillened by lead-covered iron bands. This 
contains a “60” Gaillard sprav, through whicliMt was the original 
intention to spray water to ('oof the gases. WhiJe (piile effec'tive from 
the point of view of cooling, a water spray is uneconomical in that it 
increases the concenlration Tbad, and the attempt 1 q s{)ray weak acid 
into the off-take, instead of \water, has proved quite successful. 

The fr^c and wetted Siivjace,fof the To-wcr, with the mean Velocities of the 
* Gases and their reaction times. 


(a) Free space in the main tower. 


Packing. 

Free space. 

'total volume. 


Cub. ft. 

Cub. ft. 

I. Bottom layer 

44 't’ 

ItX 3*8 

2. First layer of 3-iiicli staggering - 

619*0 

1,589*0 

3. Second layer of 3- inch staggering 

.) 60-9 

1 ,087 * 0 

4. 4- inch quartz layer . - . . 

- - 622*9 

1,381*0 

5. Layer of 3-inch pottery ring packing - 

317-6 

725*0 

'Total - 

• 

2,071*0 

4,882*0 


This c'orrcsponcfs to a total free spai'e in the tower of » 

2,071 X 100 

4,883 =42-4 per cent. 

As tlie rcacticm lime begins in the packing, the free space of the 
arclied basement (regally part of the salurex) is not included, nor is the 
space at the top over tlie rings. 


(b) Total wetted surface in the main tower, 

1. Wetted surface in layers of brickwork with 3-inch 

interspaces 

2. Wetted surface in layers with 2-inch interspaces - 

3. Wetted surface in layers with,4-inch quartz 

4. Wetted surface in layers with 3suc'h pottery 

rings » - - 

5. Wetted siurfat'e in sides of toVer 

t 

Total wetted surfa<'e - - - - 


Sq. ft. 

f),oq9 

5 - 34 ^^ 

12,830 

23,380 

1,826 

4^,481 


(c) T^yec cfoss-seciiondl avea of the mam tower. 

Tlie free cross-sectioftal area of 4-inrli roke is 9-5 per cen*. of 
the total cross-sectional area (see page.88). 

^ree cross-sectional area of main ttiwer is 
9-5X^-= n’5 4ft.. 
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(d) Velocity of gases in the mi^n ioiver. 

This is derived from : — 

^ velocity in tower. 

V. velocity in oll-takc from tower 

(page 6o) = II *53 ft. per sec. 
C, = flreg cn)Ss-seCtioii of tower/ *= ii*5 sq. ft. '* 

oll-t/ike 


Co == free cross-section of 


1 ; 


7 'I , .r 7 ‘J X 11-33 

= - rvj— 


/ 


7-r ft. 


I fl. per sec. 


2^5-4 seconds. 


fii)m 
tower - 

_ C. 

y. ~c.- • 

. V; 

’ ■ ii'53 

(e) Reaction time in the main tower. 

This is derived from:-- 

Free space in tower ^ , 2,071 

Volume of gases i)er sec'ond “ 11*5 x 7*1 

Scrubber. — This rests on a 13-lb. lead i)an, and is 31 Teet 6 inches 
high with 18-inch walls of acid-resting bricks, and a 4], -inch inner' 
wall rising to a liciglit of 13 feet 3 inches; a lining of li-incli tiles 
is carried up to the top of tlu' sc'rubber. 'fhe internal c’ross-section 
is 15 feet li inches by 12 feet loi inches at tlie base, inci^easing to 
15 feet Jo\ inches by 13 feel yl inches above life lo[) of the inn(?r wall. 
Tlie stnu'^un'. is bound by li('-rods and corner angles as in the main 
tower. 

The packing rests on chequer brickwork, so arranged as to give 
a free gas exit to the fan, and consists of the necessary layers of 
lO-inch and b-inch quartz to ('any the main lilling of 2-inch (juartz, 
the total ]mcking weighing about 300 tons. 

Two “60” Gaillard sprays are fixed into the to]) of tlie dome, 
and water was at one time sjirayed down these for cotfling and 
scrubbing purposes. The sprays are now fed by weak acid from the 
same feed pipe as the spray on the main tower off-take {vide supra). 

The scrubber acid is delivered to the scrubber acid tank through 
24 acid ports, eat'li 4?, inches by 3 inches and issues into tin internal 
launder. 


The free and wetted, surface of the scrubber, ,ivith the mean 


velocities of the gases and their reaction times, 
(a) Free space in fhe scrubbe^. 



~Xi - ~ 

•Free space. 

Total volume. 

n *' i 

1. Base section - i 

2. 6- inch to lo-inch quartz - - - - 1 

3. 2-f?ich quartz in basal ^^ction - 

4. 2-inch quartz in toff section « 

Cub. ft. 

1 44‘30 

1 , 29-28 

847*cx) 
1,308*00 

Cu^b. ft. 
^1*70 
64*97 
1,754 00 
’ 2,708 *(X) 

t 

. Total - 

* — ^ .• 

' 2,626*18 

1 

• 

^5 j« 28-^7 , 

• 


J^ence theiffee space in the scrubber is 50*22 per cent 


GILCHI9ST CONCENTRATION ^LANf. 

(b) Total voetted surface in the s^frubber. 

1. Bottom layer of 6-iiich to lo-inch quartz 

2. Middle layer of 2-inch quartz 

3. Top layer of 2-mch quartz - - - . 

4. Area of side§ of scri^ber - - . - 

\ \ • » - 

Total welted surface - 


Sq. ft. 
388-9. 


- 30 , 8 >o-o 

- 

1^710-0 

> 

- 84,208-9 


(c) Free ^ross- sectional a/ea of the slubber. 

This is 9-5 per cent, of tlie total cross-sectional area, viz. : — 

(d) Velocity of gases in the scrubber. 

As in the case of llie tower: — 

V, = velocity in scrubber. 

Y2 ~ velocity in (.)ff-take from scrubber 

(page 60) = 49*27 ft. per sec. 
C, = free cross-section of scrubber - 18*5 sq. ft. 

C, = free cross-section of off-take from 

scrubber = 2*4 sc^. ft. 

49^-27 ^ 18-5’ = ^’4 ft. per second. 


(e) Reaction time in the scrubber. 


Free space in scrubber _ 2,620 

Volume of gases per second " 18-5 x 6-4 


— 22-2 seconds. 


Fans. — Each unit is fitted with one 21- inch Kestner high-jrressure 
fan, of the same type as that already described in connection witli the 
Gaillard towers. Trouble was experienced with these fans, and a 
l6-inch fan lias been installed .as a stand-by, the fume main being 
arranged to permit of this arrangement.. The fans deliver through a 
21-inch main into the’Cottrell precipitator flue^'7 feet by 2 feet 6 inches, 
this being so gra-ded as to drain any condenged acid back to the 
scrubber launder. ' 

• 

Ootj^ PMcipitatoia. — Up to the time when the plant was closed 
down, the* fumes were passed straigh^t from the fans to the stack, but 
the final arrangement included further scrubbing in the chambers of a 
Cottrell precipitation plant. The latter is similar in design to that 
erected for the Gaillard’s'towers, but on a smaller scale. • 

It consists of two independent chambers, 30 feet i.V ipches Ipng by 
5 feet wide by 5 feet 6 inches deeji. Th'ere»are 96 discharging elec- 
trodes, *4 f*el 2iJ inches long, and 40 recejving electrodes, 2 feet wide 
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Sulphuric acid concentb!\tion. 


by 5 feet long, provided for each'* chamber. The stack is a 9 feet by 
lOO-feet brick chimney on the Prat system, as at the Gaillard plant. 
(See Sectiop III., page 67.) 

General Conchisknui. — The most serious trouble experienced in con- 
nection withiLthe Gilchrist plant has been the excessive wear and tear 
on the base of the tower-and saturex. ^Ifhe temperature of the acid in 
the saturex causes the tiles to expand and lift, thus forming channel 
ways through which the acid , percolates to the lead bkse.' In a short 
time this is eaten through, and the cor."rete foundation is attacked. 
Whenever leakage of this kind occurs it necessitates taking up the 
whole of the tiling and renewing the whole or part of the lead work. 
Careful control of the temperatures of the furnace and the acid in the 
saturex decreases the trouble, but does not entirely overcome it. For 
instance, No. i unit worked well for a iieriod of five months, with a 
furnace temperature never exceeding 850° C. Yet when it was shut 
down for overhaul, it was found necessary to renew the lead work 
completely. 

The sludging up of the units is another difficulty. The sludge 
contained in tlie feed acid settles in the saturex, and is sufficient in 
amount to necessitate sludging out each unit once a month',' the livhole 
of the saturex by that time being full of sludge. This is not a simple 
matter. Even when no repairs are required, the unit has to be 
thoroughly cooled down and drained before the saturex is washed 
out. It is not possible at present to state defihitely whether or not 
any accumulation of sludge in the packing seriously reduces the free 
cross-section of the tower. 

Physical Data.— Fig. 18 gives the general physical data in connec- 
tion with the Gilchrist plant, and also shows the average daily working 
of a single unit. 


Velociiies, Volumes, and Temperatures of Gases. 




qiLCHItlST CONCENTBATjON VlAI^. 




Radiatv^ Surface.’ 


Black steel front and sides of furnace 
Brickwork of furnace 

Brickworks • 

vV V 


Cross-flue 


. VJL X I 

{ 1 : 


Brickv^ork of saturex' « 

' main tower 


• >» 


scrubber 


; i 

% 

Total - 


s Sq. ft. 

•294-5 

- . 528*0 

690-0 

93-7 

570*0 
■ 2,835-0 

- 2,117-4 

- ^,128-69 


Steel casting ' - - - 388-2 

Brickwork 6,740-4 


Total - 


- 7,128-69 


The following figures represent the averaged results of a series of 
tempferaturfe records : — 


Temperature of exterior of furnace 

Top of saturex brickwork 

Base of main tower 

Top of main tower 

Base of scrubber ... 

Top of scrubber . . - 



48'* C. 


Average Working Conditions. 


The figures below show the conditions obtaining for an average 
day’s working : — 


Amount of feed acid to main tower 
Strength „ „ „ 

Temperature . „ - 

Amount of concentrated acid produced 
Strength ’ „ 

Temperature# „ „ „ 

Amouijt of acid run iflto the scrubber - 
3tr6J!igtn ,, 

Temperature „ „• 

Am*bunt of acid delivered by the scrubber 
Strength ,, ,,# „ „ 

Temperatuife „ „ 

Temperature at main tower offtake, 

„ fan - • - •- 

base of stack •• ,• 


- 131-45 tons. 

- 70-3 per cent! 

- 23° C. 

. 78*94 tons. 

• * 93*8 per cent. 

- 258” C. 

- ,21-75 tons. 

- 48-46 percent. 

- 36“ C. 

- 47*3 tons. 

- 57-2 per cent, 

• ^ 79“ C. 

•- life. 

- 100® C. 

•. 63® c, . 
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Amount of SO3 passed upVthe stack = 0*7^ 

tonsSOj - . . 1 . . . o'gr per cent. 

Temperaturfc of lead fume duct from fan - 85® C. 

Quantity of coal used 7*51 tons. 

Air temperature 8® C. 

Acid in effluent as SOj - - - 1*34 tons. 

Thermal ^alue of Producer Gas. 

I ton coal - • ‘ - 140,000 cub. ft. gas. 

Speoific heat of gas - ' - - - 0*25. " 

Temperature af gas entering com- 
bustion chamber ... - 295® C. 

Mass of 1 cub. ft. of producer gas - 0*078 lb. 

.* . Sensible heat of i cub. ft. - - 0*078 x 295 xo*25 

= 5*75 C.H.U. 

Heat of combustion of i cub. ft. of 
producer ^as 72 C.H.U. 

.*. Thermal value of i cub. ft. of 
producer gas 77*75 C.H.U., , 

Hence thermal value of i ton of coal - 77*75 x 140,000 C.'H.U. 

.*. Thermal value of 7*51 tons of 

coal ■ 7*51 X 77*52 X 140,000 

==81,748,453 C.H.U. 



FIG. 18 . 
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SBCnON 8. 

(xjrXRELL^FRECIPrrATION FLANT.^ 

General Ptindplea ElecSzical Precipitation. — When a gas in an 

ionised coadit^n passes through an electrostatic held, its ions begin to 
travel ^at 3 high velocity in the dir^«tion of one or other of the 
electrodes responsible for the-ffield. Fui;therpiore, if the electrodes are 
charged to h. sufficiently high potential, they become the ionising 
agents, as well as the source of the propelling force. The highly 
charged gaseous ions, in passing from the electrode at which they 
received their charge to the electrode of opposite sign, bombard any 
solid or liquid particles in their path, imparting to them a charge of 
like sign, with the result that they, loo, begin to travel toward the 
electrode of opposite polarity. 

The rate of ionisation by any electrode, which Is equivalent to its 
rate of silent discharge, depends not only upon its ])Oteiitial, hut also 
upon its/qrm. A flat surface is least ellicient, and a jioint or edge 
most’efiicient, from the point of view of ionisation. Bj- making one of 
the electrodes a sharp point or edge, or a thin wire, and keeping the 
other a flat surface, a greater stress will be set up in the vicinity of the 
first, giving rise to more rapid ionisation in the case of that electrode. 

The terms “ discharge electrodes " and “ receiving electrodes ” are 
used in practice to distinguish between the two types. The electrical 
discharge is arranged to proceed from “ discharge electrodes ” chosen 
for their sharp edge surfaces {e.g., thin w'ires and thin edged strips) to 
“ receiving electrodes,” composed of flat or curved surfaces. 

The rapid ionisation at the discharge electrode can be regarded as 
due to the foncentration of electric charge at the sharp edged surface. 
The air in contait with the electrode shares this charge and is 
immediately repelled, its place being taken by uncharged air, which, 
too, becomes charged and repelled, giving rise to convection currents 
between the electrodes. In this way there arises what has been termed 
an “ electric, wind ” of considerable velocity from the discharge to the 
receiving electrodes. These currents of charged air are responsible for 
the communication of the electric chargd from the discharge electrodes 
to the solid or liquid particles, resulting in* their attraction to the 
receiving electrode^. • * 

In practice, miiny pairs, of electrodes are used in a single installa- 
tion, t^Je feo»iving electrodes being usually connected electrifally to 
the structure of the gas chamber, apd the whole electrically earthed. 
The discharge electrodes are electrically insulated. If the non-gaseous 
particles to be extracted are non-conductive, the insulators may be 
installed within the gas Chambers themselves ; ^ but when acid r»ist 

• The patent*rights are controlled by the Iflteraational Precipitation Co., Los 
Angeles^^ifyrnia, the representatives in Britain are Messrs. Huntington and 

Heberlein, Westminster. • 
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is to be condensed, and its deposition upon the insulators would give 
rise to the breaking down of the insulation, it is necessary to place the 
insulators outside 'the gas chamber and to take special precautions to 
keep away the fumes. 

Electrical precipitation is carried out by means of one of two 
tyf)es of treaters ; — , 

(a) Pipe treaters, ir. which gases , to bf treated are caused to 
traverse metallic tubes at a velocity not exceeding 12 f^t per second. 
Each of these tubes becomes a receiving electrode, thd discharge 
electrode being formed by a thin wire,' stretched along the central 
axis of eaph tube. A uni-directional potential of from 25,000 to 
250,000 volts is applied, and the wire acts as the centre of discharge, 
the particles being precipitated on the walls of the tube, whence they 
are drained, if liquid, whilst, if solid, the current is shut off periodically, 
and the tubes vibrated to shake the dust down into bins. 

(b) Plate treaters, as installed at Queen’s Ferry, in which the 
gases pass between the rows of parallel vertical plates acting as 
receiving electrodes, and upon which the acid mist is deposited. The 
ionisation or discharge takes place at sharp-edged electrodes hanging 
midway between the plates. 

Structural Details and Modifications. 

OeneiaL — ^The Gaillard concentrators at Queen’s Ferry consist 
of two l\puses of eight units each. Each house is connected to a 
separate lead flue, and both of these lead to a common flue, which runs 
along the end of the four treater chambers, and from which, the gases 
pass through valves into the treaters themselves. From the chambers, 
after treatment, the gases pass into another common flue, from which 
two brick flues convey them to the stack. The plant will now be 
described in fuller detail. 

FhieB. — The lead flue conveying the gases from each house is 
rectangular in cross-section, and is constructed of 10- lb. lead strapped 
to timber supports. It is 2 feet 8 inches square at the end of the 
towers farthest from the treaters, increasing to 4 feet 2 inches deep 
by 2 feet 8 inches wide at the nearest, end, being continued to the 
treaters with a cross-section 4 feet wide by 4 feet 2 inches deep. The 
fans from each tower deliver into this through an 18-inch diameter 
connection, set at an angle of 45° or 60° to the flue. 

The flue from each Gaillard house drains from both directions, 
towards the point of entry of tfie gases from the eighth tower, where 
the acid condensing in the flue itself is drawn off through a seal, 
and retiirned to 'the recuperator storage tanks via the 'fad drip 
launder. ’ 

The four treater chambers at present installed are buill side by 
sid^. being connected at each end by an arched common brick flue 
3 feet 7^ inches widf by 5 feet 2 inches high by 57 feet 9 inches long. 
These were ot'ginally constrpcted of brickwork, and iwere not lead 
lined. Frequent pointing^ being found necessary, however, lead lining 
has since-^b^ provided on, the bottom of the inlet fide. ' ‘ 
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The two lea^^ues from the towers conduct through lead-covered 
gas valves, ’luted with acid, into these common flues, at points between 
the first, and second and third and fourth chambers respectively, as 
shown in Fig. 19. 

Originally, the entry was effected through a short brick flue, 
leading to an arch in the common flue, 5 ’feet wide, by 3 feet high. 
As might be expected, Vhis introduce’d a throttle in the path of the 

f ases whdljevV more than six 50- ton towers were discharged into the 
ue. s^he resistance was demonstratec^ by a pressure up to O' 15 inch 
on the flue,, which seriously^increased ^he wear and tear on the lead 
work, giving rise to gas leaks, which had to be made good. Except , 
for slight sagging here and there, due to the insecurity of the timber 
supports, the lead flues have shown no other signs of wear and tear, 
beyond a tendency to leakage in the vicinity of the entrance to the 
common flue to the treaters. 

In the case of one house,* the difficulty has been overcome by 
raising the arch by three courses (13^ inches), thereby increasing its 
cross-section, and replacing the short bri(;k flue by one of lead, in 
continuance of the main lead flue from the towers. This has been 
suctessfbl* in eliminating the tendency to a positive pressure on the 
lead flue, and in effecting a material reduction in the wear and tear 
on the lead work. 

It is possible, of course, that the original throttling was inten- 
tionally designed, in order to avoid undue pressure within tlTe treaters, 
and so that the first signs of an overload might make its appearance 
as a pressure on the lead flue, the effects of which would not be so 
disastrous as a pressure inside the treaters at the port holes leading 
to the insulator chambers. 

Treaty. — There are four independent treaters, built side by side, 
and connected, as mentioned above, by means of two common flues 
at each end. Each treater is 30 feet ij inches long by 7 feet 6 inches 
wide by 8 feet 6 inches high (inside dimensions), and is built on a 
1 3 -inch bed of reinforced concrete, raised about 4 feet 6 inches above 
the ground level, in order to enable the precipitated acid to run off 
by gravity into the storage tank. The concrete bed is covered with 
acid-proof brick, 6 inches thick, for a length of 23 feet 4^ inches in the 
centre, whilst for 3 feet 4J inches at each* end it is 15 inches thick, 
thus forming a well g inches deep, which is fitted with a lead tray. 
The concrete be?l is supported by longitudinal brick walls, and is 
built.so^tlmt its upper surface has a fall of 2 inches in jts length 
towards* the discharge opening f(jr the precipitation acid at the gas 
inlet end. 

The whole of the bsee of each treater is covered with an 8-lb.^lead 
tray, 3 inches deep, the edges of which are flangttd over 2 inches, and 
built into the^brickwork which forms tile walls of thCiChambers. The 
s^e jvjlls are 13!^ inches thick and the* end walls stepped 13I to 
9 inched* 
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As will be more fully explained later, the capacity of the four 
chambers installed has not proved adfiquate for the requirements, and 
two additional chambers are to be installed, the four existing, treaters 
being rebuilt. Certain improvements will be introduced, the most 
important of which are as follows : — 

(a) In thb existing 'chambers, the/ concrete foundations only 
extended und^r each' of the wallt. These have proved 
insufficient, being partly responsible for the r'Wau'ping and 
cracking of the waifs, with resultant leakage oi acid. In 
the new chambers,/ the concrete bed will extend as a 
, mat continuously under the whole structure, and should 

considerably' increase its stability. 

(fc) The treater walls were not built solid, but consisted of an 
inner wall 4! inches thick, built with acid-proof cement, 
and an outer wall 9 inches thick, built with ordinary 
cement, 'riie courses in tb? outer wall were level, whilst 
those in the inner wall were parallel to the sloping base 
of the chamber. No bonder courses were introduced, so 
that the strength of the wall was not what it might 
have been. The walls have warped very badly ,and <icid 
has leaked through, and run down between the inner 
and outer walls, causing very serious corrosion on the 
concrete bed. 

(c) Tlje treaters already installed at the Cottrell plant in con- 
nection with the Gilchrist concentration plant are lead- 
lined throughout, which should overcome the trouble 
occasioned by the leakage of acid from the chambers. 

The weakness of the walls in the existing treaters has been 
overcome to some extent by the provision of steel stays. In the case 
of the Gilchrist treaters and those proposed for erection in con- 
nection with the Gaillards, the brickwork is being strengthened 
initially by the provision of adequate staying. 

Fuller discussion of the design of the new treaters will be 
given in succeeding sections. A diagrammatic sketch is shown in 
Fig. 20, whicl) illustrates the essential features of the modifications in 
construction. 

Tnmlfttiin Chambers. — Ib the existing type of treater, four brickwork 
chambers are erected at each side of each treater in which to instal 
the insulators carrying the supporting framework "for the discharge 
electrodes. These extend from the ground level to the^top of the 
main ch^ber brickwork, having a total depth of 13 feet 3 iliches, 
the lower, 3 feet 3 inches, having a; cross-section of 2 feet loi inches 
by 2 feet 9 inches, whilst the remainder has a cross-section oi i foot 

9 indies by 2 feet. These chambers are spaced systematically about 
the centre line at, 5, feet 7^ inch centres, and c'onnection is made 
between • them .suid the main "precipitating chamber by rectangular 
openings, 2D inches high "by *18 inches wide, the tops of whiqjh aje 

10 inches .below tlie top pf the chamber brickW.ork, thes^ Vpenings 
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affording passagp-way for the cross-members of the discharging 
electrode frames. In order to restrict the quantity of air drawn into 
the chamber by the fan inducing the draught,* the openings were 
pri|;inally partially closed by means of lead-covered wooden blocks 
which left an oval hole round the bar passing through into the 
treater, with a 3-isch free' space between it and ^any part of the 
circumference of the hble. Modifications 6f this will be indicated 
later. _ \ 

In the side of each insulating chamber at the bottom, an opening 
18 inci'ies square, fitted with a cast-ii(pn fBamed door, gives access to 
the insulators carr3'ing the discharge electrode supports. An adjust-^ 
able slot in the door provides for the regulation of the admittance 
of the air. 

The high tension lead conducting to the discdiarge electrodes is 
taken into one compartment of each unit, whicli is fitted with a 
porcelain insulator brush. , 

Stack and Induced Draught.— Tlie common bricjc flue receiving the 
gases as they leave the treaters has two outlets, 5 feet wide by 5 feet 
high, which lead to th(^ stack through tw'o arched flues, 3 feet wide 
by 5 feet high. 

The stack is built on a piled concrete foundation and is 9 feet 
9 inches diameter by 100 feet high. It consists of two parts, an outer 
casing and an inner lining, forming the throat and chimney on the 
Prat system, the latier part being carried on corbels inside, the outer 
casing. 

The outer casing is 9 feet 9 inches inside diamer, parallel 
throughout, except for corbling. The inner lining commences 21 feet 
above the foundation block, and starts at 9 feet G inches diameter, 
gradually reducing to 5 feet li inches diameter in 11 feet, and 
remaining at this for 12 feet 9 inches, afterwards increasing to 9 feet 
diameter at the top of the stack. The whole of the inner casing is 
built of acid-proof brick and is not bonded to the outer casing. It 
is thus readily removable at will. 

At the centre of the stack is built an axial upcast, the top of 
which is 28 feet 3 inches above the foundation level. This serves 
for the passage of the air from the fan which induces the draught 
in the chimney, after the manner of an injector. The upcast is 4 feet 
in diameter (w'alls 9 inches thick) to a height of 21 feet* above the 
foundations, and is gradually tapered, in 4|;inch brickwork, to a 
diameter of 2 f^^t inches at thd top. 

The base of the upcast is connected to an opening, 4 feet in 
diamuteifi ifi the outer lining of the shaft, and thence to> the fan. 
This is a ^5-inch inlet Sirocco fan, fitted with a pulley on one side 
only. It is driven by an 8o-h.p. motor, originally at a speed of 
580 r.p.m. 

» 

iffftaiftftfttiniMi in Drea^ in extended Fla^t. — The* esdsting fan is hardly 
sufficient, even when speeded up, to cc^ie ;ivith the gases fi^im four 
cbam’«e» •forking to full capacity. The six chambers of the complete 
plant will be served by two similar stacks, with two ^ns, of the 
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same type as the existing fan, both driven at a fhigher speed by 
150-h.p. motors. It seems questionkble, however, whether the fans 
will be able to stand the extra strain. A third bearing on the buter 
side of the pulley will be necessary, and in all probability the, 
impeller blades will need strengthening. 

The indu\:ed draught is also to bel produced in a somewhat 
different manner,' as shoVcn in Fig. 21. The^ axial upcast will no 
longer obstruct the passage of the gases up the stack,yand the 
inducing of the draught will ^ake place in the flue leading ^ the 
stack. Instead of using a cyliqlrical strehm of air from the fan as at 
present, the cross section of the blower will be on the pattern of the 
pottery injector fans in, use on the retorts and denitrators, i.c., it will 
form a hollow ring, the gases from the chambers passing both inside 
and outside of the air from the fan. This should certainly prove more 
effective. 

Electrical Plant. 

I 

General. — For the production of an electric' field suitable for 
cleaning gases, it is essential to have: — 

(а) A uni-directional polarity for the potential difference between 

mating electrodes. 

In order to precipitate mist from stationary air, e.g., fog, an 
alternating electric field can be used. This .results in charging 
different ]jarticles of mist positively and negatively, as the polarity of 
the discharge electrodes alternates. Oppositely charged particles 
attract each other and coalesce, with the result that, ultimately, the 
particles are large enough in size to fall under the influence of gravity. 
This metliod, however, is not applicable to moving streams of gas. 

(б) A sufficiently great difference of potential. 

The method adopted is, first of all, to secure the necessary 
difference of potential by means of a suitable transformer, and then to 
secure uni-directional polarity by the utilisation of a rectifier. 

The electrica!l plant requisite for this purpose is installed in the 
rectifier house, and at present consists of five units, four of which are 
connected up, one to each separate treater, and a spare unit capable of 
being connected to any one of 'the treating chambers. 

A three-phase feeder from the 440- volt supply is brought into the 
rectifier house and terrfiinates on .a distribution board, from which tfi^ 
five switch boards controlling the separate rectifier units are supplied. 
All three phases arc connected to the synchronous motorsvir^viivg .the 
rectifiers, whilst connections to thp transformers are tapped off i;wQ 
phases, giving a resultant single phase. 

Diachaiging EleobodeB. — The general arrangement of the electrodes is 
shown in Fig. 22, v'bich also illustrates the general lay-put of the 
whole jjiant. , ST.he discharge electrodes are those connected to the high 
tension lead f^bm .,the rectifiers. They consist of bars of an^imonial 
lead, 7 feirt if ih^es ion^, .and of cruciform cijDswectipd,*; the fotir 
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wings being eaqji i inch long by | inch to -j^a' mch.thijQjc. These hang 
between receiving electrodes, a^ the two opposite edges facing the 
receiving electrodes are sharpened as finely as possible, to facilitate 
convectional discharge. The initial sharpening has been sufficient, up 
to the present, the corrosion suffered having proved negligible. 

Two discharge, electrocles, 12 inches apart and eqtii-distant from 
the corresponding verfical edges of \he receiving electrodes, are -hung 
midway beijveen each pair of adjacent receiving electrodes. The 
discharge electrodes are burned, in sets of eight, to lead-covered . steel 
bars, so that the lower end is 6 feet| 3 inches below the bar. There 
are 18 bars for each chamber, so that each treater has 144 discharge 
electrodes. The bz^s are supported on lead-covered steel bus) 
mounted edgwise, which pass under the receiving electrode supports 
and pass through the holes in the upper part of the chamber’ walls 
into the insulating shafts, where they are secured at each end to a 
vertical channel stencheon, mounted, upon three supporting porcelain 
insulators. 

The total number of insulator supports in each chamber is thus 
8 by 3, i.e., 24. This number could be reduced, and the whole 
supporting system simplified in the new type of chamber by installing 
the insulator at the top of the insulator chambers. With a single 
insulating chamber upon either side of the treater, as there will be in 
the new type, three sets of two insulators upon each side would suffice 
to support a bus bac, upon which the lead-covered cross-chapnels could 
rest. This would halve the total installation of insulators per treater 
and also reduce the risk of acid dripping down and disturbing the 
insulation, The air rising past the lead walls of the chamber hning 
would be fairly warm before reaching the insulators, and this would 
consequently considerably diminish the chance of fume or moisture 
being deposited. 

. Receiving Etectrodes. — These consist of sheets of soft 8-lb. lead, 2 feet 
wide by 8 feet 5 inches long, the upper ends of which are burned roimd 
lead-covered mild steel bars inches in diameter. The plates are 
carefully flattened and stiffened by angles of 8-lb. lead, i inch by 
1^ inches, which are burned to the vertical edges. 

At the top of -the chambers, nine 5 -inch by Scinch channels lie 
across them at .right angles to the walls, and supported in them at 
distances 33I inches apart. Each cfiannel is tompletel)? covered with 
8-lb. lead. The-* channels serve to support the receiving, electrodes 
which hang vertically from them, so that the surfaces of the ^plates are 
parallel lo the chamber walls. Plates are hung 10 itiches apart (centre 
to centre) and it is not necessary fo hang any plate at the walls, since 
the wall surface is itself conductive, and will serve as a teceiviiig 
electrode when wet with acid.- 

Eight roWs. of receiving electrodes. (64 in ali) are. htmg across the 
chambers in this manner, being prevented from swingiiig by means of 
lilgs fitfirusd on to the lead pan. 
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Ftimsry CSrooit of Tention Thmifonnar.— Originrlly, the primary 

circuit of the high tension transformer included : — 

(a) A bre&ker, set to trip as soon as the current in the primary 
circuit reached 25 amperes. This is a safeguard in emergency, in the 
event of sudden abnormal short-circuiting pn the liigh tension circpit 
or the rectifier. .Usually, iiowev.er, leakage of this kind is observed 
before the breaker comes into operation. 

(b) An ampere-meter which indicates the current in th 4 primary 
circuit. This usually varies betjveen 15 rAid 16 amperes. ^ 

, (c) An auto-transformer, by means of which the voltage fed to the 

high-tension transformer is regulated. Originally the full pressure of 
the 440-volt circuit was put on the auto-transformer, from which inter- 
mediate pressures varying between 190 and 440 \'olts could be tapped 
by means of a dial switch with 18 tapiiings. 'I'liis permitted the 
secondary voltage on the H.T. transformer 10 be regulated between 
35,000 and 82,000 volts. 

'J'he ratio betweeji the secondary and primary windings of the 
H.T. transformer is naturally invariable, being of tlie order of 

186: 1. c ‘ r 

(d) .4 variable grid resistance of 6 ohms, which served still 
further to adjust the H.T. voltage by varying the voltage on the 
primary windings of the H.T. transformer. 

It *' 

Hodiflcatioiu of Anto-traiutomiet and Grid Resistance. — The arrange- 
ments of auto-transformer and grid resistance outlined above did 
not prove altogether satisfactory. The main resistance in the primary 
circuit being the inductive resistance of the auto-transformer, the 
current proved unsteady and oscillated considerably. As a result of 
this, it was not possible to work the chambers at the desirable 
voltage, and this naturally reacted on the efficiency of precipitation. 

In consequence, a successful attempt was made to substitute 
additional ohmic resistance for a certain proportion of the inductive 
resistance. To accomplish this, the method adopted aimed at 
securing a higher voltage from the auto-transformer, and then 
reducing to workable limits by the introduction of an additional 
grid resistance. The present arrangement of the auto- transformer 
consists in connecting the 440-volt supply to a sectipn only of the 
windings. The priniaiy circuit of the H.T. transformer can tap, 
when necessary, the full windings of the auto-transformer, which 
gives, on the present working, up to 600 volts on open circuit. 

The driginal 6-ohm variable grid resistance has been feta'ined 
in the primary circuit, and an addftional 6-ohm invariable resistance 
introduced. 

By this partial substitution of ohmic for inductive resistance, 
steadier voltage has been obtained at the H.T. transformer, and it 
has been* possibJLs to maintain j the H.T. current at higher a.verage 
voltages than was originally the case. i * 

The changes effected a^e yhown diagrammatiqally in Fi^ 2^. 
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Folaiiiy of «|Kachaig8 Electrodes. — It is a recognised principle of 
electrical precipitation that thtf negative pole of the rectifier should, 
by preference, be connected to the discharge elA'trodea, the positive 
pole, together with the receiving electrodes, being connected to 
earth. To render this possible, a reversing switch is provided on 
thfe switchboard. pWhen flie polarity of . the discharge electrode is 
positive, considerable* spiurking is ’manifested at *the rectifier and 
there is aflj increased liability to disruptive discharge within the 
chambere. Much smaller voltages can be sustained when the positive 
pole i^ insulated than wh(?n the poliiiity. of the discharge electrodes 
IS negative’. The latter is certainly most favourable to silent con- 
vectional discharge. . 

Bectiflein. — The secondary windings of the H.T. transformer are 
connected to two of the terminals of the current rectifier, whilst 
the other two terminals are. connected, one to the feeder to the 
precipitator chamber and the other to earth. 

The terminal of each rectifier, from which the current is carried 
to the precipitating electrodes, is connected to high tension insulators 
carried‘upon channel supports, the top of each insulator being fitted 
with a metal plate, to which is hinged a ^-inch diameter steel rod 
2 feet 5 inches long. Under normal working conditions, the outer 
extremity of this bar rests upon a metal plate attached to the top 
of a similar insulator erected adjacent thereto on the sagie channel 
support, which, in turn, is connected to the main feeder, supported 
by insulators suspended from the roof trusses and leading the 
current to the discharge electrodes. By means of an insulated pole, 
the hinged rod may be lifted and turned through i8o°, at whidi 
point it comes against a stop attached to the channels carrying 
the main insulators, which are bonded to earth, thus disconnecting 
the rectifier to which it is to be connected, from the feeder to the 
precipitating chamber. 

Each of the four units is capable of being directly connected 
to one of the precipitating chambers, the conductor consisting of a 
|-inch steam pipe carried on insulators attached to the roof ties, and 
passing through the wall of the building through long petticoated- 

f iorcelain bushings. Each of the four conductors runs nearly the 
ull length of the rectifier house, so that, any one can be readily 
connected to the main conductor from the spare unit, which is a 

transverse bar oapable of being linked up to any feeder. 

« 

•Tha fectifier, the essential features of wMch are ehown in 
Fig. 24, consists of a disc of « insulating material, 24 inches in 
diameffer, which is directly connected to the shaft of the synchronous 
motor driving it. Upoip the periphery of the disc are fastened two 
metal segments, the curved edges of which, have a radial centre 
common wijh that of the disc. Tlie segments ej^Jend gp® along 
the jjgriphery, and are separated from* each other by 90° of the 
^isc. 
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In the plane of the segments the four .statiomry contacts, or 
shoes, are held 90° apart, and are so adjusted that as the disc rotates 
the outer edges of 'the segments pass consecutively by them with 
a uniform clearance distance of ^ inch. 

i 

Plant and Process Difficulties. 

^ « r 

EBeot ol an Ovedoad on liuiilator Chamben. — Various tpubles have 
arisen with regard to the insulator chambers, the chief ' of these 
being due to serious overloadirjg of the 'plant. In the event '•bf an 
overload on the chambers,’ due tp the Gaillard fans pushing the 
gases into the treaters at a faster rate than the fan inducing 
the draught can cope* with, gases are forced down the insulator 
shafts instead of air being drawn up. The consequent deposition 
of acid mist upon the insulators has resulted in short-circuiting 
and disrupiive discharges. This necessitates shutting off the current 
on the particular unit affected for the cleaning of the insulators. 

It is fairly obvious, therefore, that it is impossible to work the 



Gaillards had to pass through the chambers, and no provision iVas 
made for the event of the precipitators being at any time incapable of 
dealing with the total volun;ie of gas issuing from the towers. This 
condition arose whenever — 

(a) Mo*re than 12 towers were in operation at any one time. 

During one period this was frequent, as the TNT acids 
cycle was working up to its maximum capacity. 

(b) One or more chambers were thrown out of action for repair. 

methods 0! oveioomiiig Overload. — ^The only solutions to the difficulty 
were the following: — 

(a) The provision of a bye-pass, for use whenever the Chambers 
proved for any reason incapable of handling the volume of 
gases produced. This is obviously only a temporary 
expedient, until such time as more satisfactory measures can 
be brought into operation. 

A lead flue, 6 feet high by 5 feet wide, similar to those 
connecting the fan exits to the Cottrell chambers, was 
installed to connect the lead flues from the houses direct to 
the main stack. Dampers provided for the regulation of 
the amount of gas bye-passed from each flue in this way. 

This measure has done away with most of th^ insulator 
‘ trouble aue to fume, but the final remedy must obvibusly be 
to increase the capacity ‘of the Cottrell plant itselt The 
two methods next-inrationed would bring this about. 
lip) An increase in thle number of chambers. As mentioned 
previously, 'tliis i^ aJr^dy in hand.* 

* This was written in M.iy 1918, and the work referred to wa^ a^npleted 
^<Ktly after' date. ' * 
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(c) An incre^ in the draught induced by the Cottrell fan. More 
will be said concetning tliis in connection with the 
discussion of the fan itself. It is sufficient hese to point out 
fliat the increase in the volume of gases passing through 
each chamber which could be brought about in this way is 
not neces,sarily cfesirable. The greater the velocity of the 
■gases, the less the ionisation per unit volume, and, within 
lijpits, the lower the efficiency of tlie plant. 

The total induced draught must, of course, be increased, 
but this should* be utilised qp an increased number of 
ehambers, as.it is questionable vvhether any sipgle chamber 
should be called upon to treat a heqyier load than it bears* 
at present. 

OQier Tmmlfttnr Chamber Troables. — The other main troubles in regard 
to the insulating chambers hqve been as follows : — 

(а) The 3-inch clearance distance between the bus-bar passing 

through the opening to the main chamlier and the circum- 
ference of the oval aperture has proved too small. 

The problem of clearance distance is exceedingly important. 
The whole structure of the chambers constitutes part of the 
receiving electrode system, so that it is essential to prevent 
disruptive discliarge from the discharge electrodes to any 
part of the chamber. The distance at which ^disruptive 
discharge will take place depends upon the character of the 
surfaces as well as upon the difference in potential. For a 
given difference of potential, the distance permissible with- 
out the danger of a disruptive discharge is least for two flat 
surfaces of opposite polarity, and greatest for two edged' 
surfaces. Only flat or round surfaces can be brought to 
close distances; any edges or corners increase the risk of 
disruptive discharge. 

The 3-inch free space mentioned proved insufiicient, which 
has necessitated removing the blocks from the opening and 
increasing this to about 15 in. x 10 in. 

It is a sound practice to assume that the smallest distances 
between surfaces of opposite charge must be those between 
the actual electrodes, which’ for these precipitators are equal 
to about 4 inches. Other distances should be 50 per cent, 
in excess of this. The ap»rtures meliti'oned could probably 
b? reSuced to, say, 4^ inches clearance by rounding the 
iBurfaces of the aperture ‘by introducing avound it lead- work 
of oval circumference, J)ent to a radius of 3 or 4 inches. 

(б) •The cold air rising up the insulating shaft and passing into the 

insulating chamber has given rise to the deposition of 
crystals of nitro-body upon the electrodes in the vicinity. 
Jhj s ppuld be overcome by warming the air before admit- 
tance, and would be secured by the new Form of treater 
mentioned below. 
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(c) Minimum clearance distance between the edges »f the supporting 

insulators at the base of earfi shaft is only about’ 2 inches. 
This is sufficient, provided insulation is adequate. , When- 
ever the surface Of the insulator becomes 'conductive, 
however, due to a coating of acid, disruptive discharge 
occiurs across the, short distanc'e fo the wjall- The remedy is 
to increase the clearance distance, which has been done by 
hollowing out the wall to give a clearance distailce»of about 
4 inches. 

(d) In addition to' the breakitig down of the supporting insulators 

due to acid fume, acid persistently leaks throu^i the walls 
of the chamber and drops on to the insulators. This trouble 
will probably be overcome in the new treaters. In these, 
the separate insulating chambers are cut out altogether, the 
insulators being installed between the walls of the treater, 
which are built of lo-lb. lead, supported by a steel frame- 
work and the rectangular outer brick walls of the outer 
structure. * There will thus be two main insulation chambers, 
one on each side of the treater. Fig. 20 shows the arrange- 
ment quite clearly. 

A weak spot will probably arise, due to the absence of 
lutes at the top of the lead inner chamber. In the existing 
chambers, the whole of the precipitator chamber and the' 
^small insulating chambers are closed, by covers sitting 
in water-sealed lutes. 'I'he cover for the main chamber is in 
five sections, and those for the insulating chambers are 
separate. I'hese lutes are 3 inches deep. In the new 
chambers, however, lutes are only provided on the outer 
walls, and the two covers will extend the full width of the 
treater. There will thus be serious risk of the leakage of 
fume over the top of the lead-work lining thn treater 
chamber into the insulating chambers, especially as the 
covers do not sit absolutely tight. 

(e) On account of the inadequacy of the concrete foundations, the 

levels of the lutes have been seriously affected, so that the 
suction on the insulation shafts due to the induced draught 
of the Cottrell fan ig sufficient in the. qase of the lutes of 
lowest level tet, suck the water (usually slightly acid) into 
the shaft. . This falls on the insulation and is a further 
source of trouble. 

It wopld probably be an improvement in futture installa- 
' tions, if the insides of the lutes to the insulator chambers 
could be raised | inch ‘•higher than the outsides^ This 
should effectually overcome the risk of water being drawn 
into the insulator chamber by the* suction of the tan. 

Spadac 0! QectndeB. — In order to secure the maximui;;! efficiency of 
the precipitaitOr, it is essential to preserve even spacing betwiesn th^ 
electrodes. . It is a sound practice in any electrical ptecipitatidh.plant to 
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\TOrk to the highfist difference of jpotential possible, consistent with the 
absence oldisruptive discharge. Any inequality in the spacing of the 
electrodes will increase the liability to such breaking-down of the di- 
electric at the reduced dielectric distances, so that failure to pay due 
regard to the spacing of Ihe^ electrodes will react immediately upon the 
efficiency of the pl^ftit. , • , * ’ 

There is little dilnc'ulty in altering the positions of the receiving 
electrodes* The bars supporting these may be moved at will along the 
supporting channels. It is j^ot so simple to adjust the position of the 
discharge electrodes. Originally ihS lo^tion of these was fixed, 
inasmuch as the lead-covered steel bars from which they hung were, 
supported in notches in the lead-covered sted channels. By having 
these notches cut in a support of regulus metal, instead of steel, the 
difficulty ('an, however, readily be overcome. 

Rectifier Discs. — The discs used are made of bakc'lite, and have 
proved very satisfactory. The (Jiily trouble has arisen when the acid 
fumes have entered the rectifier house and settle& on the discs. This, 
if allowed to accumulate, nmders the surface conductive, and discharge 
occ|irs alpng the' edge of the disc' and across the surfac'e between the 
metal segments. This not only disturbs the electric' field, but also 
chars the bakelite, and furrows the surface, leaving a coating of carbon 
behind. It is necessary to scrape tliis off before starting the rectifier 
again, as the carl>on is an elcvtrical c'ondiu'tor. When the edges 
have become too much affcK'ted for further sc'raping, the c;ircumference 
of the insulating portiems between the metal discs has been rcrluced on 
both sides by i ijich or so. 

1'he rectifier disc's arc', usually dric-jd and wi})ed over with methy- 
lated spirit, whenever there are any signs of arcing between the metal 
plates. 

Insulators. — There has bc.'cn considerable troul)le due' to ('racking of 
insulators. This was at first attributed solely to the results of 
disruptive discharges arising from the de])osit of acid fumes upon the 
porcelain. Investigations has shown, however, that 

(a) The insulators installed were not large ejioiigh for the duty 

required of them, being only 66,000-volt insulators, whereas’ 
1 00,000-Volt insulators are* desirable. Tliesc' would still be 
of the mushroom type in thc^ rectifier hejuse and the insu- 
lating chamber of the •precipitafors. Chain insulation 
lyould, however, probably be useful in connection with the 
Tines running between the rectifiers and the rhajiibers. 

(b) The cement used in building up the insulators installed was not 

of acid-resisting type. In consequence it was attacked by 
acid and thg swelling that resulted was, in many cases, 
responsible for the frequent crackiyf^. 

Earthing.-^-As stated previously, tte receiving ele^rode System is 
decli^tijly eartlied^ 'J'his was originally accomplished by means of 
:|-inch ^teain pipes,* leading uiidergrouiJd eartt^Tplate. The 
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ground around the Gaillard towers ^s, however, faifly saturated with 
dilute sulphuric, ac^d, with the result that the connecting piping has 
been corrodecf in places, necessitating the installation of new dverhead 
connections to earth. For this reason, future earthings will be brought 
about by the , overhead system. Connection will be made by overhead 
cables to the steel framew’ork supporting the trodters. 

Further rossniLE Modifications in Construction. 

t 

()ii the basis of exj)erftnce\al Queen’s I'erry, the construction of 
.the treater diambcrs in tiic manner illustrated in Fig. 25, has been 
suggested. The main features of the suggestion are as follows : — 

{a) There is no need for chambers to be built absolutely detached 
as they are at present. It is, therelore, suggested that they 
be. built with only a single wall between adjacent chambers. 
It is an obvious saving in ""the cost of erection, apart from 
the (‘conojny ol space, which might also be a consideration 
in some cases. 

\b) Ihe walls and base's of the precapitator ehambers^ to be 
(■onslrui’ted of sheet lead, supported by a sted' fraine- 
work, as sugge.sted in the new ty].)e of treater at present 
under erection, hut lutes to be constructed as in the original 
treaters, along the to])S of the precipitator chamber walls, 
^is well as on the lo[) of the party walls between adjacent 
[in'c'ipitators. This would obviate the necessity of con- 
structing unwieldly covers to rover the full wddlh of the 
( liambers and w’ouid permit the use of separate covers for 
il)(' insulator diarnbers. A further gain would be that the 
luting at tli(' {(>]) ol the lead lining would be a protection 
against tlie leakage of iume into the insulating chambers^ 
w'liich is an important point. 

'ici 1 he supports to the disc liar ge electrodes to be, as suggested 
previously, at the top of the insulating chambers instead 
of at the bottc^m. The results of this modification would 
be : — 

(i) Increased strength in the arrangement. The present 
]jian of supporlingMhe lieavx' vertiafl stanchions on a 
base' ol tlirA; insulators undoubtedly gives a weaker 
nu'chaiiicaV striu'ture, 

(;2) Ucdiulion in Ui(‘ iuiml)ei\or insulators required to 
12 cliaml)f'r, in plac'c of tw-ice that niimbei’, 
are at present in use. 

(3) Rediictiun in the size of the insulator chambers, 

W'liich need no longer extend to the base of the structure. 
I’here would be no advanlage'in extending the base 
ol the iitV^ulator qlianibers belo\v Ihe base of the treater 
chflmbers. ,,1 * 

(4) increased simplicity in the conijeclion oftt^.lfe^H.T. 
.feeder tcj the disdiarge electrode system. 
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(d) The insulators supporting the bus-bar carrying the discharge 
.electrodes supports, to be contained in three special lead- 
lined chambers on either side of the precipitator chambers. 
These do not connect directly with the precipitators. Air 
passes through these insulator chambers from the base, 
being partly warftied as it pass^ by the lead, lining of the 
chamber, *and then through special ports kito the adjacent 
ch|imbers, which open through the ports in the walls of 
the precipitator chambers into the precipitator themselves. 

This would afford special protection to the insulators 
against the deposit of acid-fum*e, and this is ^an essential 
point in the design of precipitator plants erected for the* 
precipitation of acid mist. 

(c) All port holes are constructed as suggested previously. The 
circumferences are formed by strips of 3-inch radius lead, 
bent so as to present a convex curved surface to the 
discharge electrode supports. The aim of this is, of course, 
to present a type of surface least likely to give rise to 
disruptive discharge between itself and the charged con- 
ductors. Convectional discharge is encouraged by burning 
on edged strips of lead to the bus-bars at the central 
positions of the ports. This should afford additional 
security to the insulators, in that it increases the likelihood 
of any mist passing through the ports being ionised and 
deposited before the insulators are reached. 

Capacity and Efficiency of the Plant. 

Oftparity of Plant. — This can be regarded from two points of 
view : — 

(1) I'lie volume of gases that can be passed through the treaters, while 

still preserving a suction on the insulating chambers. — In 
the initial stages of operating an electrical precipitator, 
when insulation troubles are critical, this is apt to be 
the main criterion of the capacity of the plant. The 
existence of a pressure on the insulating chambers, however, 
only means that the Cottrell fan is not prpperly propor- 
tioned to its load. • 

(2) The volume of gases that can be effectively scrubbed of their 

mist-content. — This brings into account the question of 
efficieftcy of precipitation, which is the only satisfactory 
^standard to apply. 

With a 75 per cent, efficiency,, the maximum steady load that can 
be borfte by the four precipitating chambers seems to be in the 
neighbourhood of that required in connection with the concentration 
of 400 tons HjSO, per day from 67 per cent. |o 93 per cent. Thus, 
each chamber can deal with the gases- from 100 tons H^SO, per day, 

igo* tons* HjSO, require (on present oworking) tons of coal' 
= 29,1 20 A, 

0 11433 
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Assuming that the available carbon content of^ the coal is .74*0 
per cent., < 

Then, 29,120 >( 0*74 = 21,560 lb. of C. 


— 648,100 cub. ft. of' COj per 24 hours. 


12 

79 .000 x 357 * 5 
44 

Analysis of gas entering treater showed 6*2 per cent. QO^: — 
This gives per treater, ' 

^ 1,800 X lo o _ y 180 cub. ft. of gases per minute at o® C. 
0*2 X 1,44^ 

= 9.420 „ „ „ „ 85® c. 


CkmanNmding Gas Vdodties. — Cross-section of each treater, neglecting 
the electrode space, is 63*75 sq. ft. 

Velocity thSough treater = 2*5 ft. per sec., or allowing for 
electrode space, = 2*7 ft. per sec. 

This figure takes no account of the air entering the treater through 
the insulating chamber. An analyses of the gases leaving the treater 
showed 5 per cent, of CO^. This would be secured by the addition 
per minute of — 

' 7,180 X ^7^ = 1,720 cub. ft. of air at 0® C. 

Total volume (7,180 -f 1,720) ... 8,900 cub. ft. at 0® C. 

Assuming air at 15® C. 

Average temperature of air and gases - 71° C. 

. * . Volume of gases at 71® C. - - 11,200 cub. ft. per min. 

On this basis the average velocity through the treater, allowing for 
electrode space, will be 3*1 ft. per sec. 

This seems fairly representative of what can be regarded as a 
safe load for the existing installation. The reaction time is approxi- 
mately 10 secs. 

Temiieiatiiies ol Oases. — The^temperature of the |[ases entering the 
precipitators is uormally'between 85° and 90® C. This corresponds to a 
fan temperature of 100° C. Tt\e gases leaving the precipitators are 
10® to 15® C. below the entrance temperature. This agrees fairly closely 
with th^ figures .given above for the dilution of the ga'sef. due to the 
?.ntry of air up the insulator shafts. 

l 

&npiov«meiits in BiBeinusy. — ^Thefour factors upon which the ^fficienqr 
?f ^ treater depends appear to be — 

(a^ The high-tension voUage . — ^This determines the amount of ‘ 
nnisaHon wlfich takes place, and also the intensity sjf the electric 
ield which, secures the attraction of the particli^ of misti^llfen they 
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have become cliarged. The maximum voltage, consistent with the 
dielectric tdistances, is desirabl#. This can be secured by — 

(i)^ The even spacing of the electrodes, care ?)eing taken to adjust 
the spa.cing, whenever it is interfered with, e.g., to permit 
of repairs being> undertaken to the electrode,s or any other 
part of th^ precipitator chambers. , 

(2) .Cafe of insulators, these being kept well washed and clear 
• tfom fume. 

(3) Provision of adequate discharge, dislani;es throughout the 
chambers. 

(bj The velocity of the gases through the chamber. — The greater this 
is the Iks satisfactory the ionisation and the greater chance there is 
of the intensity of the field proving insufficient to secure the de- 
position of the finer particles of mist, which will, therefore, be carried 
through the chamber unprecipitated. There is obviously a critical 
velocity, dependent to some extent on the densiiy of mist to be .pre- 
cipitated. If the gases are forced through the chambers at higher 
speeds serious loss of efficiency must inevitably result. 

• * • 

(c) The amount of mist present. — This is, in all probability, the 
critical factor in determining the capacity of any treater. The greater 
the amount of mist present per unit volume of gases to be treated, 
the greater the work thrown upon the treaters, unless the tcJtal volume 
of gases to be treated is reduced proportionately. If the total volume 
of gases remains constant, and the percentage of mist is increased, 
there is considerable risk that the discharge from the discharge elec- 
trodes will prove unequal to the amount of ionisation required. 

To secure the greatest efficiency from the precipitators, therefore, 
the mechanical scrubbing devices attached to the concentration plant 
should be made as efficient as possible. A decreased load on the 
precipitators, in the sense of a lower percentage of mist present in 
the gases to be treated, will certainly react on the overall efficiency 
of the plant. Reasons have already been assigned for the increased 
load which has recently been put on the electrical scrubber. 

(d) The rate of < discharge from the' discharge ■ electrodes . — This will 
be a function of the form of surface of the 'discharge electrodes, and 
the voltage of the H.T. current, bijt mainly 'of the former. 

The ratf of'discharge is important in so far as it determines the 
total, elepftic charge available for charging the inist partioles. If it 
could be increased it would iqcrease the efficiency, in that par- 
ticles Miight be ionised which normally escape through the treater 
uncharged and, therefoi^e, unprecipitated. 

The experiment appears worthy of trial itj a single chamber to 
instal three^ discharge electrodes 'between each pa^r of '^ceiving 
electrojlfes instead of only two, as at pfeseiit. This would conceivably 
increase the rate of* discharge by 50 pej cent, aqd the mist particles 

ai 
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would be required to pass through three streams of charged air 
flowing from the discharge to the ‘receiving electrodes, in place of 
two streams' as at 'present. 

Any benefit resulting could only be an increased chance of ionising 
the mist ; the intensity of the electric field would remain almost 
unchanged. 'I'his point is impprtant when a grs has to be treated 
containing a high percentage of mist. 

The alternatives to this arrangement are either a lengthening of 
the treaters, with an increase i.n the number of receiving electrodes, 
as well as of the discharge" electrodes, or else a considerable reduction 
in the velocity of tlie gases through the treater. Either alternative 
would increase the reaction time for each particle of mist passing 
through the treater. 


Electrical Data. 

Tieaten. — ^The current applied to the primary circuit of each 
electrical unit is 15* to 16 amperes at 440 volts. 

Average power consumption per day for four units is 620 kw. 
hours. 

Average voltage at the Cottrell treaters is 73,600 volts. 

The voltage possible on the treaters is higher at present® than it 
has been at any previous time. During August 1917, the first month 
of working, the average voltage was 59>ooo volts, and during Novem- 
ber of the same year, 69,800 volts. 

The fact that the present figure represents the maximum attained 
points to steady improvement in the efficiency of the electrical plant. 
This is due in the main to — 

(а) The partial substitution of ohmic for inductive resistance, as 

already described. 

(б) Adequate attention to insulators. 

(c) Improvement in fan draught. 

(d) Operation of bye-pass, whenever the pressure becomes too 

great. 

(e) Care in spacing of electrodes. 


Cottrdl Fan. — Average power consumption per 24 hours is 1,930 kw. 
hours. 


Average current supplied is 100 ampkes at 440 volts. 

The only estimate of the rate of discharge of the fan was made 
by using a vane anemometer at the apex ‘of the ejectOicCone. 

The velocity at the apex equals 150 feet per second, giving a 
volume discharge of 40,000 cubic feet per minute. This result was 
obtained with 035 r.p.m. 


‘ It was expected pfiginally that the correct speed of the fan would 
be in tie neig|ibourhood of 570 r.p.m., and that at this speed it would 


* See footnote, page 72; 
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develop a pressAe of it inches water, and be capable of dealing with 
approximately 50,000 cubic feel air per minute. 


Precipitated Acid and Nitro-Body. 

Strength of Acidf—Jliis has remained constant in the region of 
51 per cent,^ H2SO4, the temperature of the gases entering the treater 
having fieen* kept at a fairly constant figure. 

This dependence of strength of deposited acid upon temperature 
is indicated by the following table which shows the variation in 
strength of the fan drip acid with the teijiperature of the gase^ 
passing through the fan. 


I'emperature of 
gases °C. 


Strength of fan drip acid 
per cent. H^SO^. 


no 

102 

98 

90 


59*6 
59*0 
5b *9 
55*0 


Amount recovered. — The tonnage of acid recovered averages at 
present about 30 tons of 51 per cent. HASO4 per day. In a recent 
test, 29*0 tons of 31*1 per cent. H2SO4 were deposited for Jin amount 
of 420 tons lIjS04 charged to the concentrating plant as 67*5 per 
cent. HoSO^. Tliis represents about 3 to 3*5 jier cent, of the total 
H2SO4 charged to the concentrators. 

The loss of SO. up the stack is about 1*0 to 1*2 per cent, of the 
tonnage charged. This gives a Cottrell efficiency of about 70 to 75 per 
cent. A% far as tests sliow, this efficieiuy has been fairly steady, 
although tlie amount of acid recovere^d in the plant and the SO, 
content of the gases escaping to the stack have both increased. 
This indicates an increased load on the Cottrell, whicli is probably 
due to the following : — 

(a) On account of changes in the working of the TNT acids • 
cycle, i^ has been necessary to raise the concentration 
figure from 90*5 per cent, to 93 per cent. The higher 
furnace and tower temperatures liecessary to secure this 
may iiave increased the Amount of dissociation which has 
taken place. 

\h) ruraing from the tower domes has been largely stopped by 
improvement in the bfftakes and general reduction of 
resistance in the gas circuit. 

The loss t)f fume in this way was, at one time, .very 
considerable. All this fume now paSaes through the Cottrell 
chambers. 

(fnjie increase in the .capacity of towers 3 and 12 has thrown 
extra work on the coke scrubbing system of these towers. 
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This scrubbing capacity is probably fairly instant, so xnai 
an increeifed load has been thrown on the Cottreirchambers 
on' this account. 

Treatment of Cottrell Add. — The handling of the Cottrell acid up 
to date has been coinplicat.ed by the preserice of the contained nitro- 
body. The acid funs off at a temperature of abomt 70° C., and displays 
a thin black scum of oil, dinitrotoluene, and carbon, the latter repre- 
senting mainly coke carried over from the scrubbers. Upoll cooling 
or diluting the acid, a w^ll-da'ined crysValline body separates out, 
which is very soluble in ether or alcohol. This is pratically pure 
: 4 dinitrotoluene. In. addition, there is a little oily matter which 
is probably mononitrotoluene. Upon concentrating the dilute acid 
to 92 per cent, all the dinitrotoluene volatilises with the vapour and 
is lost. The concentrated acid contains only a trace of oily matter 
soluble in ether. 

Numerous schemes have been suggested for dealing with the 
Cottrell acid. The ptesent practice is to pump the hot acid by means 
of a silicon-iron centrifugal pump to the scrubber storage tanks, and 
to charge the acid to the Gaillards along with the recuperator acid. 
No undue blocking of sprays has resulted, although, if the ret-uperdtor 
acid were cooled, as is ultimately to be the practice, trouble of this 
kind is to be anticipated. , 

At present only 70 to 100 lb. nitro-body per day are recovered. The 
super-detofuation scheme at the TNT nitrating hotises should remove 
the difficulty almost entirely. 

IGtio-body in Cottrdl Acid.® — The acid concentrated at the Gaillard 
towers is the acid resulting from the denitration of spent acids pro- 
duced in the manufacture of mononitrotoluene and TNT. The mixed 
acids provided for both stages of the nitration are mixed from fresh 
acids, the revivification scheme for mononitrotoluene mixed acid having 
been abandoned for various reasons. 

TNT spent acid as received at the denitrating plant contains 
about o'8o per cent, of nitro-body, of which about 0*15 per cent, to 
0'20 per cent, is mononitrotoluene and 0’6o per cent, to 0*65 per cent, 
dinitrotoluene. The spent acid from the manufacture of mononitro- 
toleune contains up to 0*4 per cent, too* 5 per cent, of mononitrotoluene. 

There is little trouble in dealing with dissolved inononitrotoluene 
as the mononitrotoluene? steam-dii»tils in the denitration process, and is 
condensed in the Hart condensers attached to that plant; being recovered 
from the ^Hart condensate by a simple separation schem’e, involving 
the dilution of the nitric acid recovered, in order to reduce it^ gravity 
substantially below that of the moribnitrotoluene. The latter js then 
separated off and pumped back to the TNT nitration plant. The chief 
trouble arises with the dinitrotoluene, which does not distil off at the 
denitrators, but proc^tis in solution in the denitrated acid to the 
concentfating flant. Here, it .is volatilised at the high%temperatures 
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obtaining in th^ towers, and is conveyed to the precipitating plant. 
Analysis df the gases in the flubs leading to the Cottrell precipitator 
show am average of 3*5 to 4*0 gm. of nitro-body (m&inly dinitrotoluene) 
per 100 cubic feet. This is equivalent to about 2 tons of dinitrotoluene 
per day, which is at presept almost entirely lost. The wet setting 
pomt of this dinitrotoluene may be taken as*about 55® C.,* and whenever 
the temperature within* the flues or treaters reaches tflis figure, deposit 
of nitro-blt^d^will take place. Experience has shown that this happens 
in the treaters whenever the temperature of the gases entering is below 
70° to 72® C. This will be reduced, ins/de the treaters, to a temperature 
below 55® (f, by the cold air passing up the insulator shafts, especially 
in the neighbourhood of the port-holes. • 

The question of possible danger arising by reason of the deposit 
of nitro-body in the chambers having been raised, some dinitrotoluene 
crystals were subjected to a sustained arc of 30,000 volts, but showed 
no tendency to fire. ^I'he ignition temperature was well over 300® C. 

Eflect of saper-detolnation 0! TNT spent Acid. — *As has been shown, 
there is little difficulty in dealing with inononitrotoluene in the spent 
aci4, so jthat mononitrotoluene spent acid obtained from nitrating 
with fresh mixed acid presents no problem. The superdetoluation 
process at present in operation at one TNT nitrating house, and 
ultimately to be introduced throughout, aims at : — 

(1) Reducing the nitro-body in TNT spent acid; an^ 

(2) Eliminating, as far as possible, the present dinitrotoluene 

content. 

The spent acid separated from the detoluators is mixed with a 
charge of mononitrotoluene which largely dissolves the dinitrotoluene 
in the spent acid, leaving in solution only about 0*3 per cent, of 
mononitrotoluene, which will be mostly rec'overed at the denitrators 
by means of the existing arrangement. Super-detoluation should, 
therefore, result in the recovery and utilisation in subsequent nitrations 
of the bulk of the 2 tons of dinitrotoluene at present passing to waste 
up the Cottrell stack. 

Effects of cooling the Lead Flues. — The suggestion has been thade, as a • 
means of increasing the efficiency of ’the precipitation plant, to lower 
the temperature of the gases entering the Ccfttrell chambers by cooling 
the lead flues leading from the fans^to the precipitator. The effects of 
this are seen to* be: — 

{a) Jiti increase in the amount of acid deposited in. the flues 
themselves. 

{hi A consequent decrease in the mist-content of the gases passing 
to the Cottsell plant. This would certainly contribute I0 
an increase of efficiency. 

(c).A dktiinution in the strength ;of the add re<*)vered-irom the 
Cottrell plant. Inasmuch as fhis acid, together with the 
acid depbsited in*the lead flues, has to. be reconcentrated, an 
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increased tonnage of water would need t 6 ’ be driven o£E at 
the concentrators, so that ‘the load on this plant would be 
increased. > 

(d) Under present working conditions, trouble would certainly 
ar\se, on account of serious depositing of nitro-body in the 
flues, as well aS in the treaters. TJiis objection, however, 
will not obtain when the super-detoluation scheme is in full 
operation. For this reason, no cooling should tkke place 
at present. . ^ 

Should cooling ever be thought desirable and feasible, •the soundest 
' and most economical .scheme would probably be to bring about the 
reduction in gas temperatures by the admittance of air in Ihe main 
tower offtake. This would obviate the difficulty of installing special 
cooling devices in connection with the lead fliu's, and, provided the 
fans c'ould cope with the increased volume of air, the decreased fan 
temperatures would contribute substantially towards the reduction in 
the cost of fan maintenance, which is largely a problem of tempe- 
rature. 


Cleaning and Maintenance of Precipitators. 

The Gaillard towers are usually closed down for 8 to lo hours once 
every week or ten days to enable the burning out of the flues to takfi 
p^ce. This is made the occasion for the cleaning dowm of the units. 
The necessary repairs to the leadwork and brickwork are made at the 
same time. 

tSteaning.— Upon opening up the precipitators, the first row of 
discharge electrodesand the faces of the first row of receiving electrodes 
upon either side of the precipitating chambers are invariably found to 
be coated, to a depth of | inch to i inch, with closely packed fine 
crystals of 2 : 4 dinitrotoluene. This deposit is due to the cooling 
occasioned by the entrance of cold air from the insulating shafts, and 
the deposit grows thicker as the outlet end of the chamber is approached. 
The crystals are readily washed off by means of a hose-pipe. 

The insulating chambers are usually fairly clean and dry. If, 
however, one or another of them has been opened up w'hen the shaft is 
full of fume, the cold draught’ has caused a simil'ar deposit of nitro- 
body crystals, which is* discovered when the cleaning down takes 
place. 

— Certain routine repairs to the lead-work'aiB necessary 
whenever the plant is closed down. It is significant that these repairs 
are only riecessary to lead-work 'which has been in contact with 
iron. 

-Certain of the supports to the rec'eivihg electrodes invariably 
require replacement. ‘ The temperature in the precipitator causes the 
lead- work to 4;rpep and c-rack, so that the acid deposited is, able to 
obtain adpiittance 'to the space betweep the lead and stegj, where it 
causes a rapid swelling an<i, bursting of the lead coVering, due doubtless 
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to the formation* of between the two metals. Fig. 26 shows the 
appearancfe of a receiving electrode support whicli has been attacked in 
this way. Similar action occurs wherever lead is used »as a covering 
for iron. Up to the present, all covering has been in 6-lb. lead. The 
trouble would probably be lessened by the utilisation of heavier 
lea*d. 1 ^ . 

Up to the present no lead coverings to the woodwork have 
suffered c*^rr0sion in this way. 

Certain troubles have ^Iso arisen in connection with the covers to 
the chamb^s. These are of wood to' which a lead covering is nailed 
on below, tfte nails being ordinary steel wire nails, which are after- 
^rds covered over with a lead patch. The acid, liowever, gets behind' 
the lead and corrodes the nails, causing sagging of the lead-work. 
The remedy is probably the substitution of regulus nails or rivets for 
the present steel nails. 

The tops of the covers arc covered with a c'oating of rubberoid. 
The heat of tlie chambers tends to soften this, however, causing 
exposure of the woodwork, which soon becomes ^saturated with acid, 
and then rots. 'I'lie c overs should not be flat, therefore, but slightly 
arc];ied,«s5) that any rain or moisture falling on them will drain off 
automatically. 

The c'liief maintenance required in addition to the abewe is frequent 
•pointing of the brickwork. 

The stack, however, shows little signs of wear. In the first days of 
working the plant, nitro-body settled in the throat of the stack and 
had to be scraped down periodically. This accumulation has been 
overcome by bye-passing all the gases every week or two for a period 
of four or five hours. This dissolves and loosens the nitro-body w'hich 
falls to the base and is carried away in the acid which drains irom the 
stack. 

The .stack has recently been as long as 10 weeks w ithout being 
opened up. At the end of that period, examination showed only a 
small accumulation of nitro-body in the throat. Ihis was not 
sufficient in amount to cause any serious resistaiu'e to the fan draught 
or to the escape of the waste gases. 

In addition to the weekly shut-dowm of the plant, the current is 
occasionally switched off each unit ^for five minutes or so, for the 
insulators to be vvashed and cleaned! 
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APPENIKX. 


THE FREE CROSSrSECHON THROUGH COKE EHjTERS OP ANY 
SIZE OR GRADE OF FACEINO. 

Assuming each particle of ooke to be perfectly spherical in forhi ' 
and packed in the iilter so that each of the spheres are touching one 
another, then, from Fig. 28, the space occupied by 1,000 spaeres will 
be 10-5 d in length by 8-66 d, in heigli/: and Width, which gives a 
cubical space of : — 

787*45 where d = diameter of spheres. 



will be * _ 

^787*45 = 9*2344 ‘i- 


Now the volume of a sphere = ^ ° '5^359 

and the volume occupied by 1,000 spheres = 787*45 
■ but the actual volume of i.ooo spheres =- 1.000 x o 52359 a 

= 523*59 “- 

. volumf. of space (free space) between 1,000 closely packed 
spheres = (;;87 '45 - 523*59 = 2^3*86 d’, 
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,and percentage oWree space 

_ 263*86 <P * 

787*45 = 33'5 per cent. 

Free Cross-Section for Flow of Gas. 

The minimum ' free cross-section * will occur befween anv three 
spheres touc hinsr nnp anntl.^r .... .-u r-' “ ccrweeu any inree 



Then 
and area of triangle 

„u. dx 0*866 d ^ ,, 

a6c= — ^ = 0*433 ^2- 

Area of three segments of circle each containing an angle of 60“ 
area of segment of circle containing 180° 

2 

. * . free cross-section 

=.(o ’433 - O’ 3927/) = 0*0403 d\ 

and percentage pf free cross-section • 

• ^ *=-9’55 per cent. 

0*433 d- 


Wetied Surface of Packing. 

Area of sphere = ir (F. 

. • . area*of 1,000 spheres = 3,141 * 6 

From the previous calculations the following table (No. i) has 
been cjmpul^d showing the free spacer crpss-seclion, Ac., for spheres 
bt ^-incl<» diameter, to 6-incl» diameter. 
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Table I. 


Diameter of 
sphere. 

Side of rube 
to contain 
i,ooo\^phert‘s. 

Number of 
spheres per 
cubic foots 

n 

Free space. 

Free cross- 
section. 

Wetted surface 
\)rr cubic foot r 
of packing. 

Inches. 

.V. 

Inches. 

‘>'.577 

9 , 000 , 00 ^ 

Per cent. 
33^5 

1 

Per cent. | 
9 * 5.5 

Square feet. 
7'25 0 


I 154 

1 , 122,000 

»* 

” X'l 

382-0 

A 

1*731 

332,000 

»> 


251 -o 

1 

4 

2-308 i 

140,000 



I9I ‘0 

A 

2 • 885 

71,800 

»» ' 

i ** 

153*0 

1 

3*462 

i 41*400 

it 


127*0 

1 

2 

4‘6i6 I 

1 17*500 

ti 


95 '5 

i 

6'q24 

5,200 

tt 

it 

63 ■ 7 

I 

9*232 

2,170 

it 


47*3 


13*848 

648 

tt 

1 tt 

31*8 

2 

1 8 * 4*^4 

274 

tt 

tt 

23*8 

3 

27 '69(1 


it 


15*9 

4 

1 36 ‘928 

34*4 

a 


12*0 

6 

j 5.5-392 

10*15 

» 

” i 

* 7*9 


From the above table it is seen that the percentage of free 
space and of free cross-section is quite independent of the size of 
the particles of the packing, but the wetted surface varies greatly. 


This is only true, however, of a non-elastic or non-compressible 
substance, whereas in practice it is known that coke when crushed 
is easily compressed within certain limits. 

The amount of compressibility of crushed coke may be* illustrated 
by the following table, wdiich gives the weight of coke of various 
sizes per cubic foot. 

Table 2. 

Gauge. Weight per Cubic Foot. 

2-inch - 28 lb. 

ij-inch - ‘ - - u - - • - 30 lb. 

i-inch - 32 ’5 lb. 

••J-inch - -• - - - - 33’olSr^ 

^inch . . . . 34*0 lb. , 

finch - 34-25 lb. 

•• 

The greyer density of crushed coke of the smaller sizes will 
have the effect of reducing tHe free cross-section and aRo th5;wettfd 
surface per cubic fqot of packing. 
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Tfble 3. 

Probdf^le actual Free Space, Free Cross-section arid Wetted Surface 
of Coke Packing of various Sizes. 


/ 1 • i 

• Size of coke. • Free space. 

i • 1 

J^ree cros8-section. 

Wetted surface wmt 
• cubic foot of packing. 

• • 1 

Inches mesh, 1 Per cent, volume. 

•A ' 27 'a 5 ‘ 

8 i 27-35 

A 1 27-50 

T i 27-60 

A I 27-75 

a : 27-90 

1 1 28-25 

1 28-60 

I 29 ‘10 

li 2 Q‘ 8 o 

2“ 30*50 

3 31 '60 

.4 , 3300 

6* i 33 ' 5 o 

Per cent, of area. 

7’70 

7*73 

7*77 ' 

7 ‘So 

7*84 

7*90 

806 

8*20 

850 

8‘8o 

9*30 

j 9*50 

i 9*55 

1 

Square feet. 
540*0 

271*0 

190*0 
[ 142 0 

112*0 

95*0 

72*0 

45*0 

35*0 

25*0 

21*0 

15*7 

12*0 

7*9 




I'he reduction in wetted surface was calculated as follows;— 




" Particles of Coke Particles (jf Coke 
before Compression, after Compression 

. * .Fig 30. 

XssSme original weight of sphere to be 28 lb., then, ^en com- 
pressed to its miximum density df 34 lb-, its volume will be reducec 

in the ratio of i : <»r 100 : 82, i.e., each of the shaded volumes 

a, /, c, b, must represent 9 per cent, of the original volume of the 

sphese^* ^ ^ , 

Let.Jiameter lA sphere D = 10 inches, 
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Then volume of sphere — 

ltd? 3 ’ i 4 i 6 x 1,000 

“ “ 6 “ = 6 

= 524 cubic inches. 

And 9 per cent, of 524 = 47*1 cubic inches ,t volume of segment 
above line a, c* ' 

Volume of segment of sphere 

= (3 D - 2 H). 


Then 


47112 ^ ^ 3„ H. - 2 H> 
3-1416 


Whence, by graphical solution H = 1-85 inches. 

Area surface of sphere before compression 

=■- w — 3-1416 X 100 = 314 square inches. 


Area of segment of sphere (curved surface only) 
" = IT D,H. 


Now 

H X Hi = (6, cy, or 6, c = y/E. x H„ and D, = 2y^H x Hj 
.-. area of each segment = 6-28 x H«yH x H, 

And area of top and bottom segment will be twice the above, or — 
12-56 HVH X H, 

= 12-56 X I-85^/i'-’85 X 8-15 
= 90-4 square inches. 

Area of sphere before compression = 314-16 square inches. 

Area of sphere after compression = (314-^6 — 90-4) = 223*76 
square inches. 4 

Final area is = 71 per cent, of the qriginal. 

3^4 ^ j 

By ‘similar calculations, values for other compressioh Ckn be 
made. ‘ 


Ptessure required to Force Gases through the Coke. 

The pressure required to, force the gases through «;+.he filter bed 
will vary with the -size of the coke particles, and with thg^vefdcityi.. 
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Bv examination of several known cases, the following empirical 
formula sgems to agree fairly <4osel)' witii practice : — 

, p ■= C X o '6 K X X d. 

Where p = drop in pressure in thousandths of an inch. 

C = o'l (a constant). 

K = wetled,surface of packing pfer cubic fqpt. 

V t= velocity of flow through packing. 

•*= depth of bed in feet. 

Table 4. 

Table 0/ Co-efficients K.» 


Size of coke. 

TTT 



1 

B 

Iff 

B 


1 

I 

n 

2 

3 

4 

6 

K 

54 « 

1 

1 271 

1 

1 

1 190 

1 ^42 

j 

1 II2 ' 

^5 

i 

72 

45 

35 1 

25 

• 


1 

i 5'7 

12 

1 

7'9 


Table 5. 

Table showing Results of Formula against Actual Practice. 


Filter or other similar apparatus. | 

i 

Dei)tli of 
bed. 
Feet. 

(ias 

velcK-ity. 
Ft. per 

1 see. 

Loss of f 
Inches oi 

... . 

Observed. 

)ressure. 

[ water. 

Calcu- 

lated. 

Grille) plant scrubbing towers (3) ! About 5 1 

.58-5 

5*22 1 

0*8 

0-950 

Grillo plant fillers, Queen’s Ferry | 1 to 

4-0 

1*98 

0*2 

j 0-215 

Units A, B, and C. ! 




j . , 

Grillo plant converter ‘ 1 2 

6-i8 

11*30 

4'5 

I 4 400 
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